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FOREWORD 

The necessity for new construction within the Naval Shore 
Establishment is a continuing phenomenon consistant with the Navy's 
expanding mission of maintaining the peace in the free world. All 
of this construction is directly supported by taxpayers’ dollars. 
The Navy's primary mission of support to the fleet is facilitated 
every time a single dollar can be saved due to economies in construc- 
tion that do not overly compromise maintenance or operating expenses. 

When planning and designing for the construction of a major 
facility for the Naval Shore Establishment, the utilities are of prime 
importance and must receive thorough study from several view points, 
namelys 

le. Actual load requirements 

20 Duration of the requirement 

40 Need for future expansion 

4. Mobilization requirements 

5. Sensitivity of the mission 


6. Permanence of the faciiity 


Pas f = 
7o Stand-by requirements 


When considering alternatives for providing heat over an 
extended area to many buildings, there are basically two means by 
which this may be accomplished. The first means is the generation 
of heat at a central plant and the supplying of this heat through a 

*Througheut this thesis, superscript numbers refer %t- *he 
Similariy numbered items 1n PART VYIi, LITERATURE CITED AND 
OTHER BIBLIOGRAPHY, used in support of statements preceding 
the superscript numbers. 
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distribution piping system. The heat transportation media is either 
high pressure steam or high temperature water (HTW). These two al- 
ternatives are considered in this evaluation. The second means for 
heating multiple buildings is by individual heating plants for each 
building or small group of buildings. Based on experience and study, 
the armed services have found that it is more desirable from an opera- 
tional and maintenance viewpoint and more economical from a cost view- 
point to use a central heating plant rather than individual building 
heating plants for installations of the size considered as an alterna-= 
tive solution. 

Considering high pressure steam or HTW, the system’s opera 
ting temperatures and pressures are determined primarily by the nature 
of the load and principles of economy with one sizable additional 
influence factor being the availability of standard material and 
equipment such as schedule 4C p.pe and package steam bozrlers or HTW 
generators. 

Steam heating systems have been in use for many years and 
are well standardized with regard to materials, compunent equipment, 
and design. HTW is a heat distribution method not u*%.iilzed to any 
great extent in this country until relativeiy recently. HTW has been 
used successfully for a number of heating installations similar to 
the one discussed in this study, but it is not asfamiliar to most 
people as the steam heating system. For these reasons this evalua-~ 
tion study will include the consideration for both high pressure 
steam and HTW heating system alternatives. however, the HTW heating 
system will be discussed and justified in more detail than the steam 


heating system where it seems necessary. 


se 





In the past few years there have been a large number of 
articles written by men prominent in the HTW field. These articles 
usually claim great economy for HTW over steam for certain types 
of installations including large heat distribution installations. 
In view of this publicity, the HTW alternative will be evaluated 


cautiously. 
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ABSTRACT 

The purpose in preparing this study is to compare alterna- 
tive solutions for a central heating plant and distribution system 
for a large, decentralized, predominately space heating load. The 
alternatives considered are high pressure steam and high temperature 
water (HTW) heat transporting media. 

A realistic problem consisting of a large heating load 
distributed over a distance of several miles located on relatively 
level terrain serving a Naval Air Station is considered. 

The design and evaluation for each alternative is supported 
by calculations. Since the HTW heating system alternative has received 
only recent widespread usage in this country, the HTW system design 
factors and considerations are discussed in greater detail than are 
those for the high pressure steam alternative. 

As the result of the comparisan of these alternatives, it 
is concluded that the high temperature water (HTW) system is the more 
economical and therefore is recommended for this particular instal- 


letion. 
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PART I. 


INTRODUCTION 


A. Historical ,Review 

Many years ago efforts to provide space heating were limited 
to heating individual rooms or small buildings. As industry and con- 
struction developed, requirements for space and process heating in- 
creased and became decentralized. These expanded requirements were 
first met on a widespread basis by low pressure steam heat or hot 
water distribution systems. The loads increased in magnitude with 
technological progress and the circuits increased in length. This 
trend was met by increasing pressures and pipe sizes. Today the point 
has been reached where it is necessary to investigate several alterna- 
tives whenever recommending the solution to handling a large distri- 
buted heating load. 

Since World War II an additional alternative to satisfying 
large heating loads in this country has been the high temperature 
water (HTW) heating system. Since HTW has been only recently intro- 
duced in America, it will be discussed in this study in more detail 
than the steam system. 

HTW had its genesis in 1831 when a British inventor named 
Angier March Perkins was granted a patent for a high pressure hot 
water heating system. This system commonly worked at 350 F at the 
furnace with the equivalent pressure of 120 psig. There was no circu- 
lation pump in the ae 

It was not until the 1920%s that HTW applications in Germany 


resulted in several installations which could be used to gather experi- 





2 
10 
ence and to be the basis for further HTW development. By the start 


of World War ITI in 1939, Europe was familiar with HTW and it was uti- 
lized extensively in factory and military facilities in connection 
with the war ane? 

since World War II HTW has been utilized for meeting some 
heating and process loads in this country. Today it is becoming ac= 


cepted practice to consider HTW along with steam as alternatives when 


recommending the solution to a large heat distribution installation. 


Bs Terminology 


It is commonly considered that high temperature water heat= 
ing systems fall within the range of temperatures from 300 F on up ta 
the critical point temperature of water with 400 F and 250 psig being 
the approximate economical temperature limits for most central heating 
plant installations. Table 1 classifies hot water heating systems. 


Table 1 Classification of Hot Water Heating Systems 


Saturation saturation 


Terminology Temperature Pressure 
Abbrevi-= Range Range 
System ation _deerees 2 psig 
Low temperature water LTW NGO) = 250 O = 145 
Medium temperature water MTW 250 = 400 15 ae 
1gh temperature water HTW 400 = 705.4 52 =e 5 


Figure I shows the range of saturation temperatures and 
pressures normally considered as associated with HTW. It is intereste 
ing to note that such authoritative sources as the Federal Government, 
the Heating, Piping and Air Conditioning Magazine, ASHAE Guide, and 
the Babcock and Wilcox Company do not yet agree on a definition of HTW 


temperature and pressure ranges. The Federal Construction Council, 





9 
Technical Report no. 37, page 34 presents 350 = 450 F; the HPAC 
12 
Engineering Data File, page 224 presents 300 = 400 F; the ASHAE 
sl) 
Guide presents 250 = 430 F; while the Babcock and Wilcox Company, 


3 
Bulletin G=92 presents 4300 = 450 F. 


Gs Principles 


Fs Temperature-Pressure Relationship 


oteam is generated whenever the heating process raises the 
water temperature to the saturation temperature for the correspond=- 
ing steam and water pressure. Steam can be exported as long as its 
temperature remains at or above the saturation temperature corres pond= 
ing to the steam pressure. Whenever water and steam are together in 
a container they will be at the same pressure and temperature and 
a change in either temperature or pressure will result in converting 
steam to water or water to steam. 

HTW is generated whenever the heating process raises *+ne 
water temperature to the 300 = 450 F range while at the same time a 
pressure is maintained on the water in excess of the saturation  y-ese 
sure corresponding to the temperature of the water. HTW can be 
exported as long as its pressure remains above that of the saturation 
pressure corresponding to its temperature. Figure I shows that as 
pressure is increased the saturation temperature is also increased, 
however, at higher pressures the increase in pressure has a diminish- 
ing effect on saturation temperature until the critical point is 
reached. 


Bae Heat Holding Capacity Ratio 


HTW has a higher heat content for a given volume than does 





4 
steam at a corresponding pressure and temperature. This allows the 
HTW system to accumulate and store Btu's of heat within the system 
to a far greater extent than can the steam system. HTW at 380 F 
contains 37.7 times more heat in Btu/cu-ft than saturated steam at 
580 Fo This ratio comparison cannot be used directly, however, be= 
cause for equivalent steam and HTW installations the steam supply 
mains would contain more volume than the HTW supply mains and the 
steam would probably have a lower operating pressure and average 
temperature than the HTW. These factors will yield a reduced heat 
content ratio when figured on a unit volume basis for comparison 


purposes between equivalently loaded installations. 
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D. Statement of the Problem 

A Naval Air Station is in the planning and design stage of 
development. Preliminary architectural and engineering plans for 
the general base development are available and it is desired that a 
recommendation be made concerning the best method of supplying build-= 
ing heat, domestic hot water, and a small amount of process steam. 
Figure II shows the base's general development plan. The heating 
load is divided basically into two building groupings. Figures III 
and IV show building location plans for building groups T and II 
respectively. Group ] 18 an operational facility occupied mainly 
by several air squadrons attached to the Fleet Air Command and ele= 
ments of the Air Station directly supporting the squadron’s missions. 
Group II is a training and administrative facility and provides the 
support for all military personnel and their dependents in the area. 

The base is located in the vicinity of Portland. Maine on 
relatively level terrain. Contour intervals of two feet are included 
on Figure II and elevations of pipe stations on Figures III ani iV 
are based on M. S. L. datum plan. The site is or will be served oy 
rail, sea and highway. Due to the proximity and avarlability of 
electric power, all electricity will be procured commercially. Water 
is plentiful, however, it is from a surface source and varies in hard-= 
ness with the seasons. 

Construction will be of the permanent type and Table 2 lists 
the buildings that will result 1n a heat :oad. Ali domestic hot water 
shall be supplied at 140 F and process steam for galley cooking, the 
4° spensary and the laundry shall be supplied at 10, 40 and 100 psig 


respectively. 





7 
Provision must be made for 30% future expansion in the size 
ing of the central heating plant and distribution piping. It is as- 
sumed that in the event of mobilization there will be very little 
additional construction and the mobilization requirements will be met 
by crowding existing facilities. This will result in no appreciable 
space heating load increase, however, the domestic hot water and pro-= 
cess steam requirements will rise sharply. A diversity factor of 1.0 
shall be used with all design heating and domestic hot water loads 
and an appropriate diversity factor shall be used for each process 
steam load where the calculations are based on connected equipment. 
The piping distribution system will be required to make numerous road 


Crossings. 
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PAR® II. 


DETERMINATION OF DESIGN HEATING LOADS 


Heating load estimates are divided into four categories 
to facilitate tabular calculations and discussion. These categories 
are s 

1. Heat transmission losses through walls, glass, roofs, 
and floors. 

eo Heat losses devoted to warming outdoor air entering 
me building by infiltration or for ventilation. 

4. Heat required to produce the domestic hot water supply. 

4. Heat required to produce the process steam supply. 

This iS an evaluation study which is to result in a recom= 
mendation for a type of central heating plant and distribution systen, 
therefore, it is not necessary to evaluate each building's heat losses 
in the detail that would be necessary if the secondary system for 
that individual building were actually being designed. The assump-= 
tion is made that the buildings are equivalent to shells with a 
uniform interior temperature unless otherwise noted for a particular 
building and that infiltration air enters at two windwari exposures 
and exits at two leeward exposures. 

Design data for calculating heating loads is included with ! 
each building’s construction and dimensional characteristics in Ap- 
pendix A. | 

Tables for obtaining coefficients of heat transmission, 

U, for walls are based on a wind velocity of 15 mph. The average 


wind velocity for Portland, Maine for the period December to February | 


1s 10.4 mph. 
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Correction tables for the effect of various wind velocities 
on the heat transmission coefficient, U, give a very small correction 
for a change of wind velocity of from 15 mph to 10 mph. As an ex= 
ample the correction for U = .300°Btu/hr sq=ft PF froma mph to la 
mph gives U = .305 Btu/hr sq-ft F therefore the table values of U 
based on 15 mph are used in this study. 

Wind velocity has a material effect on the volume of air 
which can infiltrate a given crack. [It is difficult to ascertain 
just what size cracks will be present in the final construction and 
just how well the window and door frames will remain calked after a 
number of years. For these reasons 15 mph is used as a conservative 
basis for estimating infiltration heat losses. 

For calculating heat losses through walls the net wall 
area including doors and the net glass area based on nominal window 
sizes are considered as the basis for realistic estimating. 

For calculating infiltration heat losses the crack method 
is used. To facilitate both infiltration and heat transmission los- 
ses a schedule of doors and windows with sizes, areas, coefficients 
and unit heat losses is included in Appendix A. The schedule letter 
identification is used with each building floor plan to indicate the 
quantities and types of windows and doors in each building exposure. 
Infiltration crack footage for windows is based on the maximum crack 
footage for any two adjacent exposures in a given building regard- 
less of building orientation with respect to the wind. This is a 
valid estimating procedure because almost all of the buildings con- 


sidered are practically symetrical about both their length and width 











dy 
axes. Infiltration through outside doors is based on cfm per sq-ft 
of door under conditions of no usage and average usage unless other- 7 
wise noted for a particular building. 

The design winter outdoor temperature is based on a free= 
quency of recurrence of once in thirteen years and is taken as -9 F. 
The design winter indoor temperature is taken as an average value of 
71 F unless otherwise noted for such semi-heated spaces as warehouses 
and garages. This results in an average design temperature differ- 
ence of 80 F for most buildings. 

Building exterior dimensions are available for planning 
purposes and they are used instead of the interior dimensions normal-= 
ly utilized for heat transmission calculations. This is.a valid 
estimating procedure because the average building Sige ae large and 
there is a very small percentage of difference between outside and 
inside wall dimensions. 

It is estimated that ventilating air introduced to cool 
electronic and other heat generating equipment will be compensated 
for by the heat generated by the equipment. Therefore the effects 
of ventilation in excess of normal infiltration and the effects of 
heat generating equipment on the overall heat loss estimate are ne- 
glected. This procedure is only considered valid for estimating 
purposes in this study because the volume of space affected is ex-= 
tremely small in comparison to the total volume of space being heated. 

Heat losses for concrete floors at or near the grade level 
are calculated on a per foot of exposed perimeter basis. A value 
of, 40 Btn/hr/ft of perimeter, 1s used and corresponds to a recom- 
mended edge insulation of 2 inches and an outside design temperature 


range of 0 to -10 F. 
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Heat losses for floors above crawl spaces are calculated 
based on the heat transmission equation using crawl space tempera- 
tures determined by a heat balance for the type of construction being 
considered, 

The exposure factor or factor of safety to be applied to 
heat loss is assumed to be unity. This is justified because conser- 
vative design conditions have been used for calculating the heat 
losses and the final selection of equipment will be influenced in the 
conservative direction by mobilization and future expansion considera- 
BLONS » 

A day's demand for domestic hot water is estimated for 
each building based on the type of building, the building population 
and the hot water required per person per day. This daily demand 
is multiplied by a ratio to convert it to gallons per hour of water 
that must be heated to meet, the peak demand considering the storage 
capacity. This gallons per hour figure is multiplied by the rela-= 
tion 4 sq-ft EDR for every gallon of water per hour heated through 
a 100 F temperature risé. 

Process steam load is estimated on the basis of totaling 
the consumption of steam in lbs/hr for all process equipment in a 
building, converting this total to Btu/hr and multiplying by the 
appropriate diversity factor. 

The values of design heating load for each building are 
given in Table 2. The total of all building design heating loads 
plus the design condition transmission losses represent the load 
which the central heating plant would be required to supply to the 


piping distribution system to meet winter design conditions. 
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Individual building design heating load components are 


found in Table 21, Appendix A. 
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Table 2 List of Buildings and Their Design Heating Loads 


Group I Operational Area 


Total Design 


Building Building Length Width Stories Heating Load 

Number Tit be feet _feet high Btu/hr 
l Operations Building 200 60 2 948,060 
Control Tower 20 20 6 = 

Fire and Crash Trucks 70 36 1 bie oslo 

3 Parachute Building 100 60 i 3258590 
Drying Tower 106: 16 3 = 
Training Building v0 15 2 5 /45990 
Maintenance Hangar 300 200. 1 6G 5 ee 00 
Maintenance Shops 200 100 2 = 

6 Operational Hangar 300 200 1 6,155,090 
Offices 200 100 i = 

T Aviation Supply Warehouse 210 180 1 930,200 
General Supply Warehouse 210 90 1 666, 200 
Flammable Supply Warehouse 180 ane BD AOS 420 

10 Fire Station 62 90 1 ATO. 520 
Ly Ordnance Shop 140 As L Cog so DU 
1 Paint and Dope Shop 100 60 1 AG FON 
42 PW Administration 140 48 2 pass Ore 
44 PW Transportation 200 A0 il 690,690 
44 PW Shops 120 60 1 359,520 
45 PW Storage 90 60 1 225,060 
46 Heating Plant 80 60 ] 309,400 


Group IT buildings total design heat load 1955695665 
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Table 2 List of Buildings and Their Design Heating Loads = cont'd 


Group II Administrative Area 
Total Design 


Building Building Length Width Stories Heating Load 

Number _ Title feet feet Hen Btu/hr 
20 Dispensary 85 60 at 562,420 
21 Administration Building 320 60 2 976,870 
22 All Faith Chapel 120 70 1 283,830 
25 Auditorium 160 LOO a 602,640 
24 Navy Exchange 180 60 1 260,960 
25 E.M. Barracks 22u 32 5 1,847,720 
26 E.M. Barracks 221 a2 3 1,847,740 
oq E.M. Barracks Q2l Ge 3 1,847,5740 
28 E.M. Barracks 22k oy 3 1,847,740 
29 E.M. Barracks Zee pire > 1,047, (40 
40 E.M. Barracks 22a) 2 4 bgea 75 740 
31 ELM. Barracks 221 32 3 1,847,740 
ae E.M. Barracks 221 oe 3 1,847,740 
33 EM. Mess 180 80 1 2,329,690 
Galley 100 80 i. = 

34 E.oM. Club 160 94 l 491,090 
oN) CPO Club 96 96 1 254,950 
46 Laundry 1078) 60 1 2,022,450 
6, Brvs 96 a2 a 187,690 
28 Hobby Shop 96 48 a 220,410 
39 Training Building 160 60 Z 567 5 a0 
40 Training Building 160 60 2 567.360 
41 Training Building 160 60 2 567,460 
47 BOQ 260 48 3 1,910 eae 
48 officers! Club 1A5 80 1 334,600 
49 Commissary 100 60 1 19255500 
50 Gymnasium and Lockers 160 80 l 902,750 
51 Service Station 60 20 v4 Ll 5 edge 


Group II buildings total design heat load 26205 noo 
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PART Tir. 


DESIGNS FOR HEATING SYSTEM ALTERNATIVES 


The station buildings have a total design heating load of 


oA Mie! 1100 Btu/hr composed of the following load components: 


mid don 
Btu/hr Btu/hr 
Building heat transmission losses Lf goa 200 17 «9 
Building heat infiltration losses L2a6] SaiGo 12a 
Heating domestic hot water 15,067,400 ees 
Process steam load 2,689,400 S20 
Total building heat load ABGood, jos AC aa 


During the preliminary design of the HTW heating system 
it was decided to provide the 100 psig laundry process steam by means 
of a separate package boiler unit located at the laundry. This de= 
cision was based on the comparative costs of transporting for 13,600 
feet, an additional 56,000 lb water/hr capable of giving a tempera- 
ture drop of 28.5 F to produce 100 psig steam vs the cost of provid- 
ing 47.5 BHP package steam boiler capacity to provide laundry process 
steam. A 50 BHP package steam boiler was selected. The laundry will 
receive HTW service for domestic hot water and space heating require] 
ments thus allowing its steam boiler to be secured when process steam 
1s not required. Reducing the total design heating load for the HTW 
alternative by the 1,594,000 Btu/hr process steam load gives a total 
load of 46.8 million Btu/hr. 

Winter and summer design heating load components for the 
alternative systems in million Btu/hr corrected for future expansion 


and calculated transmission losses are presented in Tahle 3. 


or a ee ll 





EY, 
Table 3 Design Heating Load Components 


steam HTW 
Winter Summer Winter Summer 
_Load_ _Load_ _Load_ _Load_ 
Building heat load 48.4 Ly7.8 46.8 roe 
Expansion allowances eS Die) Aye i nets 
Losses in distribution 6nd) 6.4 Avy Ave 1 
Auxiliary load and losses So oor ae mp 
Total heat load 
(million Btu/hr) 74.8 Blas 66.0 25 A 


The steam boilers required at the central plant are based 
on winter and summer loads and standby capacity. Three boilers each 
of 40,000 lb/hr from and at 212 F or 38,400,000 Btu/hr capacity are 
recommended. 

The HTW generators required at the central plant are based 
on the winter load times a diversity factor or .90 which takes into 
account the distributing system heat storage capacity of 17,825,000 
Btu, the summer load and standby capacity. Three generators each of 
30,000,000 Btu/hr capacity are recommended. This is equivalent to 
three steam boilers of 31,200 lb/hr from and at 212 F capacity. 

In each case two units are required to meet winter load 
leaving one unit as a standby. One unit is required to meet summer 
load leaving one unit as a standby and the remaining unit is availe- 
able for inspection and repair. 

The design heating load is predominately building space 
heating which by its nature has a high characteristic diversity 
factor. Since there is need to plan for considerable future expan= 
Sion, a diversity factor of unity is applied to all loads for design- 


ing pipe sizes. 
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Calculations for pipe sizing are detailed and tabulated 
in Appendix B. 

Identification of piping sections for building group I, 
operational buildings, is detailed in figure [III and building group 
II, administrative buildings, is detailed in figure IV of Part IV. 

Pipe section XY on Figure IV is normally in the secured 
position and serves merely as insurance against loss of heat to 
certain buildings in group II by allowing manual looping of the 
mains and returns. Due to the characteristics of the piping layout 


hermthe proup J] buildings, looping is not considered practical. 





al 
A. Steam System 

The steam piping distribution system is designed as a high 
pressure, pumped condensate system with buried piping. The central 
heating plant is located such that its elevation is above the eleva~ 
tion of all buildings which it services. It is possible to maintain 
a downward pitch in the direction of flow on all sections of the steam 
distribution system, 

Pipe lines for group II buildings are designed based on a 
pressure drop of 50 psig from the initial pressure of 150 psig. It 
is required that 100 psig steam be available at the laundry for use 
as a process steam. This design criteria will provide the laundry 
with 105 psig process steam at the building utility entrance. 

Pipe lines for group I buildings are designed to maintain 
a supply main velocity of between 7,000 and 8,000 fpm. This design 
results in using 6 inch steam mains which is the minimum desired 
size for this installation. The total pressure drop from the cen- 
tral heating plant to the last building serviced in group I 1s 71.2 
psi. There is no requirement for process steam at any group I 
building, therefore this pressure drop is acceptable. 

For purposes of this study, 150 psig operating pressure 
steam boilers corresponding to 365.8 F are selected. This pressure 
will meet all process steam needs with reasonable pipe sizing and 
line pressure losses while allowing the use of standard or schedule 

40 piping and ASA 300 1b fittings and valves. 

Steam velocity is not a critical factor in this design 

since the long supply mains are controlled in size by pressure loss 


considerations rather than velocity limitations. 
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Be HTW System 

The HTW piping distribution system is designed as a direct 
return, single circuit, buried piping arrangement. This system is 
selected primarily for the advantages of simplicity of layout and 
lower initial cost but has the disadvantage of having a different 
pressure drop due to frictional resistance being required at each 
building serviced. This difference in pressure drop is compensated 
for by installing artificial resistances in the form of orifices and 
balancing cocks. The orifices will provide a means of measuring HTW 
flow which would not otherwise be available and will be utilized 
during the initial and subsequent system balancings. 

The primary HTW circuit frictional resistance is calculated 
and used as the index for balancing all remaining circuits and branches. 
The primary circuit contains one building utility room HTW heating 
arrangement which is allowed a frictional resistance of 300 inches 


of water pressure drop calculated as follows: 


Double seated flow rate control valve 4.0 psa 
Water to water heat exchanger 5 oO pan 
Utility room piping and fittings 1 om) Spsi 
Total HTW pressure drop LOS 5 ™ psa 


10.5 psi = 24.2 ft. water = 291 in. water 
Assume 300 in. of 380 F water for design purposes equals 
925 pSle 
The central heating plant will contribute an additional 
30 ft. of water toward the total system head loss. 
HTW pipe sizes are read from curves relating heat trans- 


mitted in Btu/hr/F (equal to lbs water/hr) and frictional resistance, 
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(inches wp e./ft run of pipe). The curyes are for 300 F water in 
schedule 40 steel pipe and are based on the Fanning formula. Sched- 
ule 40 pipe is utilized in this design and the average water tempera- 
ture is very near 300 F, therefore no corrections are applied to the 
results as read directly from the curves. 
Before starting to design for the primary circuit pipe 

Sizes 1t is necessary to consider the following interrelated factors: 

HTW generator operating pressure 

Type of system pressurization 

Equivalent length of pipe in primary circuit 

HTW supply temperature 

HTW average return temperatures 

Design temperature drop for system flow calculations 

Average frictional resistance 

Standard pipe sizes 

Total friction head or pumping head 

Maximum HTW velocities 

The selection of the HTW generator operating pressure will 

allow a determination of system temperatures, pipe sizes and head 
losses. For purposes of this study the commercially standard genera- 
tor operating pressures of 200 and 250 psig will be examined with 
respect to their effect on the design before one of them is selected. 
The primary circuit has 16,397 equivalent ft. of straight pipe with 
approximately one-half of this amount, or 8,153 equiv. ft., being 
.r.the main pipe section AB leading to and from the central heating 


plant. An examination of therelaticn between pipe size and head 
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loss for this section of pipe will be representative of the pattern 


for the system design. To facilitate this examination it is first 


necessary to develop the relationship between pressure and tempera- 


ture for the HTW system at each operative pressure under considera- 


i 1ON o 


It is considered that the maximum return temperature of 


the HTW at the heating plant required to maintain adequate system 


response during periods of low loading will be 20 F less than the 


HTW supply temperature. <A 200 psig operating pressure gives the 


relationships in Table 4. 


Table 4 200 psig HTW relationships 


HTW supply temp. (F) 


Pressure corresponding to the 
supply sat. temp. (psig) 


Gas pressurization (psig) 
Maximum HTW return temp. (F) 


Pressure corresponding to the 
max. return sat. temp. (psig) 


Pressure drop available for 
friction head loss (psig) 


Equivalent head available for 
losses (ft. of water) 


Equivalent head devoted to 
plant losses (ft. of water) 


Equivalent head available for 
primary circuit losses 
(ft. of water) 


350 


Lee? 


80.1 


550 


88.4 


112.6 


| 


40 


Vara | 


360 


1986) 
61.4 


5340 


TO SoD 


9607 


oo 


so 


ss 


80.1 


185 


30 


B55, 
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A 250 psig operating pressure gives the relationships in Table 5. 


Table 5 250 psig HTW Relationships 


HTW supply temp. (F) 570 380 390 400 
Pressure corresponding to the 

supply sat. temp. (psig) Mister lisiiles! 2058 twee o2eo 
Gas pressurization (psig) 91.3 68.9 Ane uaa. 
Maximum HTW return temp. (F) 550 360 370 380 


Feessure corresponding to the 
max. return sat. temp. (psig) 119.9 - 2138e5 U58s7.°- lee 1 


Pressure drop available for 
friction head loss (psig) 130s) Sain 91.3 68.9 


Equivalent head available for 
losses (ft. of water) 300 257 210 159 


Equivalent head devoted to 
plant losses (ft. of water) 30 30 30 30 


Equivalent head available for primary 
circuit losses (ft. of water) 270 227 180 129 


Considering the relationship between pipe size and head loss 
and using the main section AB to group II buildings as being conserva- 
tively representative of the system for different design temperature 


drops gives the results in Tables 6 and 7. 


Table 6* Head Loss by Pipe Sizes 


Pape Average istribution Primary Primary 
SLze Frictional Piping Total Cireure Circn. & 
nection AB Resistance Head Loss Head Loss Head Loss 
in. in. of water/ftin. of water in. of water ft. of water 

9 0024 a ar 677 56 
8 0041 679 972 81 
fi 0082 1,444 1,644 137 
6 560 2,950 3 7250 271 


*Table 6 is based on a design temperature drop of 150 F and a HTW 
rate of 260.000 lbs water/hr. 
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Table 7* Head Loss by Pipe Sizes 


Pipe Average Dis tribution Primary Primary 
51ze Prictional Piping Total Cimcina Carcuit 
Section AB Resistance Head Loss Head Loss Head Loss 
1No in. of water/ft in. of water in. of water ft. of water 
2 0019 312 612 5a 
8 me 541 841 10 
i 0966 T20e2 1,3¢e2 115 
6 oua> oy he 2,642 220 


It can be noted that the heads available for primary circuit 
losses for both operating pressures of 200 and 250 psig all fall bee 
tween a 6 and 8 inch pipe straddling the 7 inch pipe. Since the 7 
inch pipe is a non-standard size it would be convenient to useeither 
of the standard sizes of 6 or 8 inches. Economies dictate utilizing 
the smallest possible pipe sizes provided the pumping head 1s main= 
tained within balance and certain velocities are not exceeded. Before 
a pipe size and export temperature can be selected for design it is 
necessary to determine the minimum return HTW temperature which in 
effect will control the design temperature drop. 

The minimum return HTW temperature 1s selected as 220 F. 
This temperature will be high enough to control flue gas condensation 
in the economizer and thermal shock in the generator but low enough 
to result in a desirable design temperature difference. 

A 400 F supply temperature at 250 psig would result in 
a design temperature drop of 180 F and a prospective primary circuit 
head loss of 190 ft.of water for a 6 inch pipe in section AB. Since 
there are only 129 ft of water available 1t would not be possible 
to design for these conditions even by reducing the average frictional 


*Table 7 is based on a design temperature drop of 170 F and a 
HTW rate of 229,900 lbs wa'er/hr. 
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resistance for the remainder of the primary circuit. This can be 


shown bys 
Available head for losses 129 (ft of water) 
Head for utility rooms _25 (ft of water) 
Available head for piping 104 (ft of water) 
Head for section AB alone _82 (ft of water) 


Head remaining for rest of the 
primary circuit 22 (ft of water) 


Whereby the average frictional resistance for the remain- 
ing 8,244 equivalent ft. of piping would have to equal .032 in. 
water/ft of pipe. This is not practical with the loadings involved 
beyond section AB. 

A 390 F supply temperature at 250 psig would result ina 
design temperature drop of 170 F and a primary circuit head loss of 
220 ft of water for a 6 inch pipe in Section AB. There are 180 ft. 
of water available for head loss and it appears that this combina- 
tion will give the smallest pipe sizé and largest design temperature 
drop possible within prescribed pressure limitations by merely ad- 


justing the average frictional resistance for the remainder of the 


primary circuit, 


Available head for losses 180 (ft of water) 
Head for utility rooms _25 (ft of water) 
Available head for piping 155 (ft of wae) 
Head for section AB alone 98 (ft of water) 


Head remaining for rest of the 
primary circuit 57 (ft of water) 
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Whereby the average frictional resistance for the remain- 
ing 8,244 equivalent ft of piping would have to equal .084 in. of 
water/ft of pipe. This combination appears to be realistic and is 
selected for performing the design calculations. 
Table 8 shows the portioning of total pump head when utiliz- 


ing 399 F supply HTW, 170 F design temperature drop, and 250 psig 


operating pressure, 


Table & portioning of Total Pump Head 


Percent of 


Head Required Total Hours 


System Component 


Utility room HTW side 25 (ft of water) 12% 
Central heating plant 30 (ft of water) 14% 
Distribution piping Loon Aft of watery _74% 

210 (ft of water) 100% 


A normal range for distribution piping head loss would be 
from 50 to 80% of the system head loss with the former being for 
shorter pipe runs and the latter for longer pipe runs. 

A maximum water velocity of 4.0 fps is recommended where 


noise might pose a problem. Since this distribution system is buried 


and in general is remote from buildings, the velocities are limitec 
in accordance with Table 9. | 
Table 9 Water Velocities for HTW oe” 
pipe size (inches) 2 3 4 5 6 8 10 re 
velocity (fps) 5 Fea 8 9 10 il yA 


The HTW system will 


system utilizing nitrogen gas 


tion main just ahead of the system circulating pumps. 


be pressurized by means of a mechanical 
and connected to the return distribue 


The nitrogen 


tank does not have any system water flowing through it when the system 


is 1n temperature equilibrium. 


There 1S a water seal in the lower 
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quarter of the drum which raises and lowers as the return water ex- 
pands and contracts. This pressure drum and its pressure relief 
overflow tank have two functions which are providing adequate system 
pressure to assure that HTW is not reduced in pressure sufficiently 
to be able to flash to steam anywhere in the system and to provide 
a storage reservoir for system water that expands out of the circu- 
lating system as the return water temperature increases. 

Since HTW pressure and saturated liquid temperature are 
interdependent at any point 1n the HTW system, the problem of fixe 
ing temperature drops and system pressurization must be considered 
together. 

For purposes of this study, 250 psig operating pressure 
HTW generators providing 390 F HTW are selected. Thus the nitrogen 
pressurization will provide the necessary pressure differential of 
44.4% psi which when added to the pressure corresponding to the satu- 
rated temperature of the export water will maintain system and boiier 
operating pressures. 

It is desirable to have a maximum temperature drop over 
which the HTW may operate. This will result in a minimum HTW flow 
rate and the smallest pipe sizes. It is good practice to have a 
margin of safety in terms of pressure on the return line at the maxi- 
mum return temperature of 370 F. Therefore the distribution system 
selected must not exceed 210 ft of water head loss but must be slightly 
below this figure to assure safe design. 

The actual head loss in the entire system®s primary cir 
cuit plus the central heating plant equipment 18 calculated to be 


196 ft of water under design conditions. This results in a safety 
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factor of 14 ft of water or 6 psi above the saturation pressure de=- 
voted to preventing the maximum temperature HTW in the return line 
from flashing into steam at the system return header. It should be 
noted that the design conditions for which the prevention of flash- 
ing have been taken are the maximum HTW return temperature at very 
light load and the maximum flow conditions at design full load. 
These conditions should not occur simultaneously and this in itself 
is the greatest factor of safety with respect to return water flash- 
LHe > 

All piping is designed for the maximum pressure within the 
System. Standard and schedule 4O pipe have equal dimensions for all 
pipe sizes up to 10 inches» and a check on stress for 250 psig operat-— 
ing pressure reveals that the piping design 1s well within code 
ind tavions . 

ASTM-A135 electric resistance welded steel pipe has the 


following stress limitations: 


Minimum Ultimate Values of Stress for the 

Grade Tensil Strength -20 F to 650 F Temp.Range 
A 48,000 psi 10,200 psa 
B 60,000 psi 129950 pee 


Check stress by Barlow's Formula based on the outside pipe 


diameter, 


6" pipe, 250 psig, standard, schedule 40 


_ (250 si) (6.625 ye - 2.960 vs: 
— ‘ 9 pai. 


280 Tse) 


2" pipes 250 psig, standard, schedule 40 


eee PD 250(20375) _ 1.930Nps) 


~ 2+ 2G tous 








Eyl 


= internal pressure (psig) 


oS rd 
| 


= outside diameter (in.) 


et 
it 


wall thickness (in.) 
8 = unit stress (psi) 

A minimum water flow by-pass line is located in the central 
heating plant just after the circulating pumps to assure the minimum 
water flow required by the forced circulation HTW generators at times 
when the system flow is reduced below the minimum HTW generator flow 
rate. 

This minimum water flow by-pass line can also be used dure 
ing system warmup periods to maintain feedwater temperature above 
the dew point of sulphur bearing combustion gases and above the tempera- 
ture which would result in undue thermal stress due to temperature 
difference. With the return water temperature of 220 F, no diffi- 
culty will be encountered from thermal stresses in the boiler due 
to a water temperature difference of 170 F. This is conservative 
since a water temperature rise of 200 F or larger is widely used and 

Lf 
considered good practice. This is primarily due te the forced re- 
circulation pumping feature which delivers water at a velocity of 6 
to 8 fps through internal generator tubes. In addition, generators 
contain an economizer section in which the return water temperature 
is increased by the flue gases before reaching the generator tube 
walls. 

A minimum water flow-by pass vaive is located at the end 
of each circuit to assure that sufficient water flow rates are main- 


tained in each circuit to maintain system temperature at no or low 


itoading conditions. 
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Pumping capacity is determined from HTW flow rate and water 
temperature at the pumps. The flow rate is based on the heat carry- 
ing capacity of water and the temperature difference which the water 
is able to give up in circuiting the distribution system. Therefore, 
the total heat load divided by the design temperature drop provides 
the flow rate of HTW directly in pounds per hour since the specific 
heat of water is considered as unity. The piping system as designed 
establishes the pump head required to exactly balance the flow resist- 
ance. 

Pipe sizing and pump selection are integrated so that the 
final design will include both standard pipe and pump sizes. After 
pipe sizing was completed, an accurate determination of flow resiste- 
ance was made. 

Pump selection is based on a flow rate of 382,000 1b water/ 
hr. Since the pumps are placed in the return line just prior to the 
HTW generators to assure adequate forced water circulation for these 
generators, the pumps actually handle HTW at the return header temper- 
ature of 220 F at full load conditions. Therefore, each pump will 
handle 800 gpm of 220 F HTW against a head of 196 ft of water at 
design operation. 

Two pumps are selected to be installed in parallel so that 
either pump will deliver the 800 gpm required under the design cone 
ditions. Control of flow rate is obtained by varying the pump speed 
and operating with incremental changes of HTW generator return water 
as dictated by load conditions and by pass valve settings. 

Continuous pumping is required to maintain desired system 
supply temperatures at all points in the distribution system and 


Minimum HTW generator flow even under low load conditions. There- 








Oe. 
fore, it is necessary to consider the relationship between pump flow 
rate, water temperature and resistance balance point for the entire 
range of flow rates reyired when specifying pumps. 

A pump with a relatively flat curve characteristic is pre- 
ferred since it provides the least system head change and greatest 
system flow change as individual building control valves close and 
influence the system. 

The mechanical system pressurization connection is near 
the pump suction lines and assures sufficient NPSH to preclude ex- 
cessive pump cavitation. 

Pump suction and discharge lines are sized not to exceed 
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the following velocities given in Table 10. 


Table 10 Pump Piping Sizes 


Pump Suction Lines 


Velocity Pipe Size 
2=4 all 


Pump Discharge Lines 


Velocity Pipe Size 
fps nip ae 
4-6 up ta 2 
5=8 2— to 6 


6-10 6 and up 





PART IV. 
COMPARISON OF ALTERNATIVES 
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The two alternatives considered in this study are compared 


on a design, operation, maintenance, and cost basis so that one of 


them may be selected as the recommended soluticn. 


A. Design Comparison 


A comparison of alternatives on a design basis is presented 


me Table ll. 


Taple ly Comparison of Alternatives on a Design Basis 


[tem 


Type of system 


Operating pressure 
Operating temperature 


Return temperature 
Design drop 


Circulation pump head 

Circulation pump capacity 

Largest main sizes 

Distribution piping 

Voiume of supply piping 

Heat. storage capacity 

Drversity factor for boiler sizing 


Boiler size (3 each)from and at 
ete y 


Design boiler loading from and at 
212 F 


Annual boiler loading 


Steam 
Alternative 


pumped condensate, 
direct return 

150° Bee 

365.8 F 


180 F 
condensate 


50 psig 
major ©1rcurt 


cj 


10 ino 
47,894 ft. 
4,887 cu-ft 
i1,24/,000 Btu 
1.0 


40,000 1b/hr 


775300 Lb/hr 
OQ 
P7568 & 1O0%Re a 


HTW 
Alternative 


Direct return, 
Single circuit 
250 psig 
390 F 
220 °F 


Lia = 


Leen 
800 gpm 
6 in. 
Ade BOA ge + « 
ig) Sea iT 
17,825,000 Bru 
090 


20,000 MBtu/hr 


66,000 MBtu/hr 


TAs a 107 Btu 
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It is calculated that at design conditions the steam gen- 
eration of two boilers will provide the heat storage capacity of the 
Supply piping in 58.5 seconds. Two HTW generators will provide the 
heat storage capacity of the HTW supply piping in 17 minutes and 50 
seconds, This time difference stems from the inherent operating 
characteristics of the two systems. 

Steam must ve generated simultaneously with load demand, 
In effect steam can not be stored for use in a distribution system 
because it relies on a change of phase for its ability to meet load 
demands. HTW does not change phase and can effectively store heat 
in the distribution system. This stored heat is used to meet sudden 
and peak load demands and has the direct effect of moderating or 
evening load demands at the HTW generators. For the systems of this 
study there is a ratio of HTW to steam heat storage in the supply 
piping of 14.3 to 1. Sance the systems are of unequal volume the 
ratio of HTW to steam heat storage for one cubic foot of inside pipe 
volume at design conditions is 26.1 to 1. In practice it has been 
found that this heat storage capability of the HTW system results 
in allowing for a HTW generator sizing diversity factor of as low 
as .80 to be used. A conservative diversity factor of .90 is used 
jim this study. 

To facilitate piping design, heat losses for the steam 
distribution system were assumed to be 15 percent of supply heat 
and were actually calulated to be 9.25 percent. Heat losses for 
the HTW distribution system were assumed to be 10 percent of supply 


heat and were actually calculated to be 6.35 percent. 
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It shouid be noted that the ratios of 15% to 10% and 9.25% 
to 6.35% are 1.50 and 1.46 respectively, or very nearly equal. This 
indicates that the effect of the assumed loss for design purposes for 
both alternative systems are also nearly equal. The pipe sizes were 
calculated using the assumed percentages of heat losses but the boil- 
er and generator capacities were determined by using the actual cal- 
culated heat losses. The pipe sizes were not rechecked utilizing 
actual calculated neat losses since the effect is not appreciable and 
will resuit in slightly conservative pipe sizing for both alternatives. 
This procedure can be thoughtof as resulting in an increase of the 
aliowance for future expansion by approximately 43 percent to a new 
figure of 34 percent. This is acceptable for purposes of this study. 

Figures V, VI, VII, and VIII are schematics of piping and 


equipment arrangements for both the steam and HTW alternatives. 


Bo Operation and Maintenance Comparison 


A comparison of the alternatives for main points of opera- 


tion and maintenance is presented in Table l2. 
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Operation 
[tem 


Pumps 


Boilers 


Blowdown 


Water 
Treatment 


Flashing and 
Leakage 


Transmission 
Losses 


Fuel 


Table 12 
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Comparison of Alternatives 


on an Operation and Maintenance Basis 


Steam Alternative 


Individual pumps handle 

small quantities of cone 
densate intermittently. 

Feedwater pumps operate 

continuously. 


system heat load demands 

are immediately reflected 

at the boiler. Overa 
period of time this uneven 
firing with higher stack 
losses results in efficiency 
losses. 


Periodic boiler blowdown 
causes increased boiler 
heat output and fuel usage. 


Required for all makeup 
water, 4,813 lb/hr at 
design operation 


Flash losses at all traps 
and atcentral plant and 
leakage losses at valve 
stems cause increased 
boiler heat out put. 


Losses exterior to the 
plant are 9.25 percent 
of supply heat at design 
operation. 


Requires more fuel mainly 
due to additional losses 
and immediate boiler 
response characteristic. 


HTW Alternative 


A single circulating 
pump operates continu-~- 
ously. 


System heat load demands 
are initially met by heat 
stored in the distribu- 
tion system. Boilers 
operate smoothly. 


Blowdown is negligible 
in the closed loop 
system. 


Very small requirement. 


Flashing does not oscur. 
Leakage is negligible. 


Losses exterior to the 
plant are 6.35 percent 
of supply heat az dee 
sign operation. 


Requires 15.4 percent 
less fuel annually. 
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Maintenance 
Item Steam Alternative HTW Alternative 

Boilers Maintenance to maintain Negligible scale forma- 
efficiency due to scale tions. 
formations in boiler tubes. 

Pumps Many smaller pumps scat-= Two large pumps in the 
tered over a wide area. central plant. 

Distribution Traps, pressure reducing No traps or pressure 

system stations and valves require reducing valves in the 
Maintenance. Condensate system. Negligible 
piping subject to corrosion corrosion in all piping 
and ultimate renewal before characteristic of a 
steam pipingeo close system. 


C, <Amnual Cost Comparison 


A comparison of the alternatives on an annual basis of cost 
to own and operate is presented in Table 13. Amortization is based 
on 20 year retirement at 43% compound interest and equals the capital 
investment at present worth times the factor .07688. The salvage 
Value of the investment is considered to be equal to the cost of 
removing the equipment from the site. The effect of inflation is 


neglected. 
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Table 13 Summary of Fixed and Operating Charges 


Item 


Central heating plant. . 
Distribution system .. . 
Building utility rooms . 
iGo y bDOllLOm,. « .« o o © 


Total 


Annual Operating Charges 
Item 


fel co o § 6 o © © © 6 © 
PCE etCLUy > o.~@ 6 oo % 
WonwEr = co of © o w.be- 0 @ 
Operating labor. .o o « 6 
Operating materials. © .© 
Maintenance labor, plant 
Maintenance 
Maintenance 
Maintenance 


supervision and clerical 


Laundry boiler operation 


Total annual operating cost. 


Annuai Cost to Own and Operate 


Item 


BMereecrzZation »« « © o « 6 


Operation. © © © © 06 


Annual cost to owner 


° 


° 


labor, system. 


° 


° 


o 


° 


3° 


material, plant. 


material, system 


° 


o 


o 


°o 


oO 


° 


°o 


°o 


° 


Steam 


$ 384,350 
9159590 
416,250 


$1,515,990 


Steam 


99,150 
2,020 
e@ils 

60,000 
3,000 

12,000 

24,000 
1,200 
2,400 

12,000 


ox, 


$ 217,383 


Steam 
*, 1ORT00 


_ 217,400 
$ 318,500 


HTW 


$ 488,550 
466,023 
5945500 


NORowO 
$1,216,373 


HTW 


$ 83,900 
59 240 

18 

60,000 
2,000 
12,000 
12,000 
1,200 
1,200 
12,000 
8,000 

$ 197,558 


HIW 
$ 93 5 500 
197,600 
3 © 29) e8 
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PART ¥. 
CONCLUSIONS 
Based on the economical comparison of the total cost to 
own and operate the alternative central heating systems, it is 
recommended that the HTW system alternative be selected for final 


design. 
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PART VII. 


APPENDIXES 


APPENDIX A 


Calculations for Design Heating Loads 


1 Design Data for Winter Conditions 


Ao 


Inside design temperatures 
Dice AV OT AEC: ~ i nniniiaioigl cieeee meme meee es 


2. Maintenance and operational 
Naneers oc » ooo ue oo ne 


53. Warehouses and storage 
bugidinge ° ° & ce) ° ° ° ° ° ° ° ° 


1 ome itt SOC pte . ce. cipaeiaa ea ee 
5o Dispensary and locker rooms . . 
6. Shops, garages, and gymnasium . 


fo Underfloor crawl spaces 


ae oY ay cae! er tame Sh OT es) Bias 
b» Filegmatee... 29 Ree. 8 oo ss 
Outside design temperature . . . o o 
Design wind velocity. .« 5» o 6 « « o o 


Domestic hot water temperature .. .o 
supply water temperature. . . o o o o 


Coefficients of heat transmission, JU, 
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, 7i ¥F 

> 60 E 

o 60 F 
° S80 F 
do aoa 
° ° 65 F 
o «9 53 ae 
o oy Aga 
° ° ~J EF 
» o 15 gph 
o o L140 
oo. 40 F 


(Btu/hr sq-ft F); 


infiltration values for windows in (cfm/ft crack); 


and infiltration values for doors in (cfm/sq-ft door) 


are taken from the Heating, Ventilating and Air 


Conditioning Guide, 1959, and Modern Air Condition- 
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ing, Heating and Ventilating, 1959, by Carrier, Cherne, 
Grant and Roberts. 
1s Design Heat Load Estimating Relationships 
A. Heat transmission through walls, roofs, glass and 
Floor slabs above crawl spaces 
Heat loss 1n (Btu/hr) = (U)(Area)(design temp. diff.) 
Bo Heat transmission through floor slabs directly on 
the ground and near ground level 
Heat loss in (Btu/hr) = (40 Btu/hr/ft-perimeter) 
(feet of exposed perimeter) 
C. Heat loss due to infiltration air 
Heat loss in (Btu/hr) = 1.08 (cfm/ft of crack) 
(crack footage)(design temp. diff.) 
D. Heat load due to heating domestic hot water 
Heat load in (Btu/hr) = (Gallons HW/day/building) 
(heating capacity ratio)(4 sq-ft EDR/100 F temp 
rise)(240 Btv/sq-ft EDR) 
BE. Heat load due to steam processes 
Heat load in (Btu/hr) = (steam requirement in 1b/hr) 
(Enthalpy saturated steam in Btu/lb - Enthalpy 
fresh water in Btu/lb)(diversity factor) 
F. Determination of crawl space temperature by heat balance 
lo. Building Number 1% floor s4ype F2,_U =@ 25/7 Btu/hr 
sq-ft F 
(Heat gain through floor) = (heat lost through 
walls below ground) + (heat lost through walls 


above ground) + (heat lost to grouni) + (heat lost 


D 


to air changes). 
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(12,000 sq-ft)(.57 Btu/hr sq-ft F)(7i F - T) = 
(520 ft perimeter)(1 ft height)(4.0 Btu/hr sq-ft) 
+ (520 ft perimeter)(2 ft height)(.29 Btu/hr 
sq-ft F)(T ~ (-9F)) + (12,000 sq-ft ground) 
(2.0 Btu/hr sq-ft) + (1.08)(2 air changes/hr) 
(36,000 cu-ft/air change)(1 hr/60 min)(T = (-9 F)). 
solving T = 53 F 
20 Building Number 39* floor type F3, U = .29 Btu/hr 
sq-ft F 
(9,600 sq-ft}(.29})(71 F - T) = (440 ft perimeter) 
(1 ft height)(4.0 Btu/hr sq-ft) + (440 ft perimeter) 
(2 ft height)(.25 Btu/hr sq-ft F)(Te @9 F)) + 
(9,600 sq ft ground)(20 Btu/hr sq-ft) + 1.08 (2 air 
changes/hr) (28,800 cu-ft/air change)({1 hr/60 min) 
(B= (-9 F))- 
solving T = 41 F 
ITT. Construction Schedules 
Tables 14 and 15 are door and windowschedules giving the unit 
infiltration heat losses in Btu/hr for standard doors and 
windows based on a design temperature difference of 80 F. 
These values are used to summarize each building’s infiltra- 
tion heat losses. Wherever the design temperature difference 
differs from 80 F, these values are multiplied by the ratio of 
(actual design temperature difference/80 F). 
Y These buildings are typical for two types of floors with 
crawl spaces and the temperatures calculated wiilt be 


utilized for calculating floor heat losses of ther 
buildings with similar characteristics. 


< | 
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Tables 16, 17 and 18 are wall, roof, and floor construction 
schedules which include the appropriate value of the heat 
transmission coefficient for each type of construction. The 
wall, roof, and floor construction schedule designators are 
used in the following floor plan figures to denote individual 


building construction features. 











ou! 
SER oN pan ba lovelg Construction Schedule 


Infiltration Byath 


Schedule Dimensions Area fot i peat ron 80 @ ihemp. fait. 
Letter (feet) (56). ft 5) Gee iaso. ee (Btu/hr. ) 
A Bad eal 2.0 55,050 
*A Ox | eae 8) 22,220 
*B Doc 2 20.0 36, 500 
C 10x10 100 AsO 54,000 
¥*G 10x10 LOO 9.9 17,800 
D 2x4 2 144 4.0 49,700 
*D Ap iB 144 9.0 112,000 


Infiltration (Btu/hr) = 1.08 (cfm/sq-ft){sq-ft of door)(temp. diff.) 


Door Nomenclature 
A. Ordinary wooden door 
Bo All glass door 
C. Garage and shipping room door 10 ft. x 10 ft. 


Do Garag@ and shipping room docraz ft. x 12 it. 


* Denotes average usage for that door. 


Lack of an asterisk denotes little or no usage. 
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Table 15 Window Construction Schedule 


Infiltration 

Schedule Dimensions Area Crack Infiltration with 80 F temp. 
_Letter (feet) (sq-f+} Footage — (cfm/ft) diff. (Btu/hr) 

J 1x5 3 , 065 505 

K 3x3 : 8 gat E015 

L 4x4 16 i) 1.47 595 

M 3x6 ie au S65 7,230 

N 4x8 De 28 a6) Lee 

*O 6x6 36 24 ey eiG) 380 

¥P 6x8 48 28 mes!) 443 


Infiltration (Btu/hr) = 1.08{cfm/ft crack)(crack footage)(temp. diff.) 


Window Nomenclature 
Jo Double Hung Wood Sash Window (unlocked) Average fit, 1x3 ft. 
Ko Projected 3x3 ft., opening 1x4 ft. 
Lo Projected 4x4 ft., opening 1$x4 ft. 
Mo Double Hung Wood Sash Window (unlocked) Average fit, 3x6 ft. 
Neo Double Hung Wood Sash Window (unlocked) Average fit, 4x8 ft. 
*QO. Glass Panels Wood Frame 6x6 ft. 


*P, Glass Panels Wood Frame 6x8 ft. 


* These windows are permanent glass panels and infiltration is 
limited to cracks between the frame and the masonry building. 
The coefficient selected is the average between calked and non- 


calked frames. 
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Table 16 Wall Construction Schedule 


Schedule 
Designator Wall Construction U(Btu/hr sq-ft F) 
Wi 4 in. common brick and 8 in. concrete 
block cinder aggregate with no interior 
fiaish . 0.29 
W2 same as Wl but with metal lath and = 1 
plaster™6n furPinge interior Panisn. Oe 


W3 8 in. poured concrete 80 1b/cu-ft, no 
imverp~or finish. ORE a> 


W4 Same as W434 but with 5/8 in. plaster 


interior finish. 0.23 
W5 8 ino hollow concrete block, cinder aggre- 
gate with no interior finish. 0.42 
W6 3/8 in. corrugated transite with $ in. 
insulation board. 0.34 
W7 24 gauge corrugated iron with 1é in. insula= 
tion board. — 0.18 
Glass Vertical glass sheets | 
Single sheet 1.13 
Two sheets with 4 ine. space 0.54 


Hangar 16 leave Hangar Door containing 60% glass and 
Doors 40% sheet metal backed by = in. of insulation 0.82 


6(1.13) f Al 59) - 6278 +1240 _ arg 


10 





Schedule 


Designator 


R1 


1 


R) 


R4 


R5 


R6 


Schedule 
Designator 


Fl 


i2 


Me 


F4 


PD 


D4 


Table 17 Roof Construction Schedule 


Roof Construction U(Btu/hr sqeft F) 


4 in. concrete, buil® up roofing, 2 ins 
insulation with no interior finish. OES: 


4 in. concrete, built up roofing, 2 in. 
insulation, = in. sand aggregate plaster 
on suspended metal lath interior finish. 0.08 


ain, concrete, builteup roolime. 2 ii. 
insulation with suspended acoustic tile 
ceiling. 0.07 


Hangar roof, built up roofing with 2 in. 
insulation. Oe et 


Warehouse roof, built up roofing with 13 
1n> answilation. OFLe 


24 gauge corrugated iron with 14 in. 
insulation. 0.18 


Table 18 Floor Construction Schedule 


Floor Construction U(Btu/hr sq-ft F) 


4 in. concrete with no ceiling underneath 
and with or without asphalt tile above a 
crawl space. One 


6 in. concrete with no ceiling underneath 
and with or without asphalt tile above a 
crawl space. 0.57 


6 in. concrete with asphalt tile on 5/8 in. 
plywood on 2x2 in. sleepers above crawl space.0.29 


Concrete slab placed on grade with 2 in. 
perimeter insulation. = 


Hangar Deck slab of thickness based on wheel 
loading placed on grade with 2 in. perimeter “ 
insulation. 
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HEV c Design Heat Transmission and Infiltration Losses for Indi- 
vidual Buildings. 


Ao Building number J] 





Figure IX 


Operations Building and Control Tower 


Exposure 


Exposure 


m=-~) Oo” 


XO 


ELOor 
roof 


observation 
glass 


Operations Building 


Construction Windows Doors 

Wi 50 K 4 *A 
Wi 6 K 2 séA 
Wi 2 Ky, oo 2 *A 
Wi i6 K 2 *A 
Wi é K Pag 
F2 = = 

Re = = 


Control Tower 


Construction Windows Doors 
Wi ae = 
Wl 6 K is 
Wi a K = 
Wi = = 
F2 7 - 
R3 = 


double, tinted glass, 1100 sq-ft, U=.53 Btu/hr sq-ft 





Heating Loss - Operations Building 
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Gross Glass Net Tempo Heat 
Dimensions Area Area Area Dita. Load 
Exposure _(ft) (ft) (sq-ft) (sgq-ft) (sq-ft) JU _@) Btuyir 
MM 200 20 4,000 450 35550 029 80 82,300 
¥* 1G 450 Lad 80 40, 700 
2 60 20 1,200 54 1,146 029 80 2655 50 
2G 54 Lok 80 4,880 
3 90 20 1,800 Aoe 1,368 o2g 80 31,700 
3G Ate) leis 80 39,000 
4 90 20 1,800 144 eisials BES) 80 38,400 
4G 144 lows 80 137000 
5 60 20 1.200 54 1,146 Ak, 80 AsV S519: 
DG D4 1eld 80 4,880 
roof 200 60 12,000 12,000 oO7 80 67¢250 
floor 200 60 12,000 12,000 05] 18 123,100 
498,510 
Heating Loss =~ Control Tower 
Gross Glass Net Tempo Heat 
Dimensions Area Area Area DiGi. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U 6 _(F)_ ss Btu/hr 
6 20 18, 1,000 at 973 029 80 22g oO 
6G At . koe 80 2,440 
i 20 50 1,000 54 946 bes BO 21g 9a 
1G 54 1.13 80 4,880 
8 20 50 1,Q00 Ze vie BS, 80 226550 
8G oi Jeks 80 25440 
9 20 30 600 600 ong 80 13,900 
root 20 20 400 400 097 80 2,240 
floor 20 20 400 400 aly | 18 4,100 
... Sune 360 360 360 053 89 _16,280 
112,590 


* The G indicates glass only for that exposure. This notation 
will be repeated for each building exposure with glass. 








Windows 


56 i 


Windows 


oak 


Bo 


Exposure 


Doors 


4 *A 
2. U€U<Ad 


Doors 


Infiltration Heating Loss = Operations Buildin 


Exposures 1 and 2 


Unit Infiltration 


(Btu/hr) 
1 70n5 
2 oeew 
55650 


Exposures 6 and 9 


Unit iniiliravion 
(Btu/hr) 


pe fe. 5 
5 9630 


Building number 2 





Construction 


Wd 
WS 
W4 
W5 
WS 


Fire and Crash Trucks 





Figure X 


oak 
4 kK 
3 K 
8 K 


Buildin 


Windows 


Infiltration 
Loss (Btu/hr 


56,800 
88,880 


7260 
152,940 


Infiltration 
Loss (Btu/hr 


59045 
33630 
65675 


Doors 
2D, 1*D 
L*A 
re 
LA 


a 
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Heating Loss - Fire and Crash Trucks Building 
Gross Glass Net Temp. Heat 
Dimensions Area Area, Area Dist . Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U (FP) so Btu /hr 
1 50 14 700 250 450 225 74 £48,320 
1G 250) Del} T4 20,900 
2 20 6 200 27 17 25 80 3,460 
2G 27 oe 80 Zales) 
5 ale AC. 460 36 424 Pye) 80 6,480 
3G Zines B80 3,250 
4 20 10 200 27 LO Ge) 80 52060 
4G 27 ales 80 2,440 
5 50 14 700 ae 628 225 74 11,620 
5G he eoeles 14 Or, O20 
6 46 14 504 504 Ae. 14 5 20, 
7 36 A 144 144 ode 14 3410 
roaf 50 36 1,800 1,800 015 74 20,000 
roof 20 36 720 720 015 80 °&8,640 
floor 70 36 perimeter = 212, 212(40) = 8,480 
117,840 
Infiltration Heating Loss = Fire and Crash Trucks Building 
Exposures 1, 2 and 6 
Unit Infiltration Infiltration 
Windows Doors (Btu/hr) _ Loss (Btn/hr) 
pk 15015 39945 
lL ¥*A 22,220 22,290 
2 D, 1 *D Ke 89,500 
114,765 
Q(Btu/hr) = (Volume)(density air)(specific heat of air)(temp. diff.) 


(air changes/hr) 


Q = (25,200 cu-ft)(.080 1b mass/cu-ft){.240 Btu/lb mass F) 
(74 F)(2.5/hr) 
Q = 89,500 Btu/hr 


** The unit infiltration loss for the D type doors is not applicable 
to this building because all three of the doors are on one exposure. 
The infiltration has been calculated based on two changes of air per 
hour to compensate for door opening and closing and one-half change 
of air per hour due to infiltration. 








C. Building number 3 


Figure XI 


Parachute Building and Drying Tower 


Parachute Building 


kxposure Construction Windows 

L W3 LO K 

2 W3 6K 

S W3 & kK 

4 W3 Orie 
roof R1 & 
floor F2 © 


Drying Tower 


Exposure Construction Windows 
2 W3 “ 
6 W5 
7 Wo 
8 W35 
roof RIL a 


floor F4 
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Heating Loss Parachute Building 





Gross Glass Net Temp. Heat 

Dimensions Area Area Area Diff. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U 4) OBtu/hr 
i LOO 2 ie 2OG 90 ore 8, RLS 80 22,200 
1G 90 ne ie 80 S2120 
2 60 i 720 54 666 025 80 oO 
2G 54 io ho 80 4,870 
3 84 ik 1,008 72 946 DS. 80 Le, 720 
3G {2 1.13 80 6,480 
4 60 12 720 54 666 oe.) 80 12520 
4G 54 ro ) 80 Ao 0 
roof 100 60 6,000 6,000 ol 5 seco 72,000 
floor 100 60 6,900 6,000 oD f 18 615520 
225,420 

Heating Loss = Drying Tower 

Gross Glass Net Temp. Heat 

Dimensions Area Area Area Defi. Woad 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U _(F) Btu/hr 
5 16 24 384 384 ee 80 7,680 
6 16 36 576 57 025 10) Lip 320 
7 16 36 576 576 neg 80 Ligsce 
8 16 36 So pwde ee BOQ Ligo2Zc 
roof 16 16 256 256, AS 80 5,010 
floor 16 16 perimeter = 64, 64(40) = 260 
| 47,870 

Infiltration Heating Loss = Parachute Building 





a > 


Exposures i and 2 


Unit Infiltration Infiltration 

Windows Doors (Btu/hr) Loss (Btu/hr 
16 XK ior 16,250 
1 A 3,630 55630 
1 *A 22,220 201020 


42,100 





Exposure (ft } (ft ) 


1 
1G 


Do. Building number 4 


Exposure 


iL 
2 
5 
4 
BOGE 


it LOO 


Dimensions 
120 20 
15 20 
120 20 
71> 20 
120 eis 
20 (gs 


Heating Loss = 


N 


Figure XII 


Training Building 


Construction 
W4 
W5 
W4 
W3 
R3 


F 


2 


Gross Glass 
Area Area 
fsq-ft) (sq-ft) 
2,400 608 

1 500 320 
2.400 640 
150 420 
9,000 

9,000 


Windows 
38 L 
20 L 
40 L, 4 J 
20 L 


=» 


Training Buildings 


Net 
Area 


(sg-ft) 


ee 7oe 
608 
1180 
y20 
poe 
640 
1180 
320 
9,000 
9,000 


Tempe 
Diff. 


_{F) 


B80 
80 
80 
BO 
80 
BC 
80 
80 
80 
18 
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Heat 
Load 


Btu/hr 


355840 
55,000 
23,600 
28,900 
35,200 
57,800 
23,600 
28,900 
50,400 


92 9300 


431,540 





Windows 


58 L 
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Infiltration Heating Loss = Training Building 


Doors 
] A 
1 *A 


Unit Infiltration Infiltration 
____(Btu/hr) Loss (Btu/hr}) 
ree). 80,800 
3 630 3 9 630 
2259280 22,220 


106,650 
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Eo. Building number 5 





Figure XIII 


Maintenance Hangar and Maintenance Shops 


Maintenance Shops 





Exposure Construction Windows Doors 
1 w3 26 K 1 A, 1 *A 
2 W4 5 Oak 1 *A 
3 W3 26 K ly Ay dae 
8 W5 = 4 A, ae 
roof R1 = = 
floor F4 = 
Maintenance Hangar 
Exposure Construction Windows Doors 
4 W7 : 2A 
2 W7 x DA 
6 W7 - Hangar Door 
7 W7 : - 
9 wi = L *A 
roof R4 = = 
floor F5 . = 


Calculations for Hangar and Arc 
Radius of Roof Arce = 259 ft 


Angle of Sector = 45.5 Deg = ./94 Rad = AS. 
Area of Arc Face = $(RY(R)(A.5. @@Sin A.S.) 
= 3(259)(259%)(.794 ~ .713) 
2, 71Omsqeet 
Length of Roof Arc = R(A.S.) 


li 


(259) (794) 
206 fe 


it 





Heating Loss = Maintenance Snops 
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Gross Glass Net Temp. Heat 
Dimensions Area Area Area Dag fs Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U _(F) Btu/hr 
1 100 20 2,000 234 1,766 sin 74 32,620 
1G 234 lea3 74 20, 400 
2 200 20 4,000 540 3,460 Bae. a 64,000 
2G 540 ge Es 74 45,100 
g) 100 20 2,000 234 nee filets neo * 52520 
5G sg ick 74 20, 50e 
8 200 20 4,000 4,000 oe 5 6,400 
roof 100 200 20,000 20,000 aye) 74 222,200 
tf LOOor 100 200 perimeter = 600, 600(40)= 24,000 
4675540 
Heating Loss - Maintenance Hangar 
Gross Glass Net Temp. Heat 
Dimensions Area Area Area Diff. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U _(F)_ Btu/hr 
200 4A0+Arce 10,710 10,710 oL8 69 is sore Lie). 
5 400 40 2.000 12,000 018 69 149,100 
6 Roof Arc ot 40 2,710 o18 69 55,000 
6D Hangar Door 8,000 8,000 oC 69 452,500 
7 200 20 4,000 4,000 018 69 49,700 
8 200 20 4,000 4,000 oe =5 -6,400 
9 100 40 4,000 4,000 oL8 69 49,700 
roof 206 400 615800 61,800 sikh 69 468,000 
floor 200 300 perameter = 1,000, 1,000(40) = __ 40,000 
1, 3609, 300 
Infiltration Heating Loss Maintenance Shops 
Unit Infavtratien Infiltration 
Windows Doors (Btu/hr ) Loss (Btu/hr) 
76 K 1,015(74/80) 71,500 
1 A 4.630(74/80) 3,369 
2 *A 22,220(74/80) 41.100 
115,940 
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Infiltration Heating Loss = Maintenance Hangar 


The presence of the one large 16 leave hangar door makes 
it impractical to calculate infiltration by the crack method. [t 


is assumed that the infiltration will equal 1 air change per hour. 


Q(Btu/hr) = (Volume)(Density air)(specific heat of air)(temp. diff.) 
(air changes/hr) 
Q = (3,213,000 cu-ft)(.080 1b mass/cu-ft)(.240 Btu/l>d mass F) 
(69 F)(1 air change/hr) 
Q@ = 4,260,000 Btu/hr 











F. Building number 6 


Exposure 


al 


2 


Exposure 
4 
é, 





Figure XIV 


Operational Hangar and Offices 


Offices 
Construction 

Wa 

w4 

W4 

W5 

R2 


HA 





16 K 
36 K 


16 K 


Operational Hangar 


Construction 


Windows 


66 


Hangar Door 


LA 
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Heating Loss «= Offices 
Gross Glass Net Temp. Heat 
Dimensions Area Area Area Dit. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U _(F) Btu/hr 
a 100 208 1,000 144 856 eo 80 15,770 
1G 144 ie 80 IS Owe 
fa 200 10 2,000 324 Lee fo 023 80 30,850 
2G pen veel 80 29,500 
3 100 10 1,000 144 856 Ya, 80 55 Lie 
3G 144 Ul i) 80 15,020 
8 200 10 2,000 25000 oe bub T5040 
moot 200 100 20,000 20,000 098 80 128,000 
floor 200 100 perimeter = 600, 600(40) = 24,000 
2765770 
Heating Loss ~ Operational Hangar 
Gross Glass Net Temp. Heat 
Dimensions Area Area Area Diff. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) 0 —&) Beye 
4 200 x 404Are 10,710 10,710 018 69 133,100 
5 400 40 12,000 12,008 ae 69 149,100 
6 Roof Arc 2,710 25710 Palles' 69 33,600 
6D Hangar Door 88,000 88,000 suZ 69 A5 2a oO 
f 200 40 6,000 6,000 Bins 69 14,500 
8 200 10 2,000 2,000 ape ~l11 =7 000 
S LOO 40 4,000 4,000 one 69 49,700 
roof 206 300 ayshe (31010) 61,800 aetell 69 468,000 
floor 200 #300 perimeter = 1,000, i1,000(40) = 40,000 
153955500 
Infiltration Heating Loss - Offices 
Unit Infiltration Infiltration 
Windows Doors (Btu/hr) ad Less (Btu/hr) 
Bek 1,015 229190 
i ee 3 630 3 9630 
2 *A C2 pee 44,440 


100,820 
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Infiltration Heating Loss = Operation Hangar 


Calculations are identical to those made for the Mainten= 


ance Hangar. 


Q = 4,260,000 Btu/hr 
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Go Building number 7 


Figure XV 


Aviation Supply Warehouse 


Exposure Construction Windows Doors 
1 W5 6 L 230, 1*C, wie 
2 W5 = tee 
5 W5 6 1 2C, 1#t9 1 BD 
4 W5 - 1A 
roof R5 o s 
floor FA = 2 


Heating Loss = Aviation Supply Warehouse 


Gross Glass Net Tempo Heat 

Dimensions Area Area Areaa Diff. Lead 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) Uo es (Btu/hr) 
HE 210 20 4,200 96 4,104 0352 69 90,590 
1G 96 Ve, a9 75500 
2 180 20 3,600 4,600 ne 63 195500 
B 210 20 4,200 96 4,104 ae 69 90,500 
3G 96 el 69 TPen0? 
4 180 20 3,600 3,600 poe 69 7195500 
roof top -210 38,850 Byers) ©, ol3 69 448,000 
floor 180 210 #£yperimeter = 780, 780(40) = 4 200 


734,200 
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into l tration Heating Loss ~ Aviation Supply Warehouse 


Exposures 1 and 2 


; Unit Infiltration Infiltration 
Windows Doors - (Btu/hr) _ Loss__(Btu/hr) 
6 L 15399 8, 280 
1A 3,630 3,630 
2 C 34,600 69, 200 
1*C T7800 175800 
1 D 49,700 493 [00 
208,610 (69/80) 
=180,000 
Ho Building number 8 
2 
2 “ 


Figure XVI 
General Supply Warehouse 


Exposure Construction Windows Doors 
L W5 6 L lO 5. LRG a ee 
2 W5 = 1A 
d W5 6 L LC, i*C, 1 OD 
4 W9 = 1A 
roof R5 = = 


tloor F4 = es 





Dimensions 


20 


20 
20 


Exposure (ft) (ft) 
il 220 
1G 
2 90 
210 
3G 
4 90 
roof 93 
floor 90 





Windows 


6 L 


Infiltration Heating Loss_ 


Doors 





=_General Suppl 


y Warehouse 





Exposures 1 and 2 


I. Building number 9 


es 


Gross Glass Net Temp. Heat 
Area Area Area Diti . Load 
(sqg-ft) (sq-ft) (sq—ft) UO (RP) O(Btu/hr) 
4,200 96 4,104 see 69 90,500 
96 1.13 69 75590 
1,806 1,800 oe 69 39,750 
4,200 96 4,104 aoe 69 90,500 
96 1.135 eee 75500 
1,800 1,800 oe 69 39,750 
195530 195530 013 69 175,000 
perimeter = 600, 600(40) = 24,000 
4745500 


yi. Infa birataon Infiltration 
(Btu/hr ) Loss _(Btu/hr) 
3,630 35630 
44,606 34,600 
77,800 T#56Ce 
49, {00 49,700 
174,010 (69/80) 
= 150,190 
3 
a 
] 
Figure XVII 


Flammable Supply Warehouse 





Exposure 


roof 


floor 


Flammable Supply Warehouse 


Construction Windows 
W5 2L 
W5 = 
W5 2L 
W5 = 
RL = 
¥4 = 
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Heating Loss - Flammable Supply Warehouse 





ly Warehouse 


Tempo Heat 
Diet « Load 


_®) {Bias 
69 185750 
69 25490 
69 19,879 
69 18,750 
69 2,490 
69 19,870 
69 84,000 

18,000 
364,220 





Infi barat ion 
LOSS Btu/hr 


Gross Glass Net 
Dimensions Area Area Area 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U 
at £30 20 5000 oe Foe oe 
LG 52 lee 
a5 20 900 900 Ee 
3B 180 20 3,600 ee F508 Die 
5G ee 1.43 
4 45 20 900 900 oc 
roof 180 A5 Bare QO 8,100 oD 
floor 180 45 perimeter = 450, 450(40) = 
Infiltration Heating Loss - Flammable Su 
Exposures ] and 2 
Unit Infiltration 
Windows Doors (Btu/or) 
2 i 15395 
1 34,600 
L*C 17,800 


115,190 (69/80) 
a 99, 200 





13 
Jo Building number 10 





Figure XVIII 


Fire Station 


Exposure Construction Windows Doors 
a W3 = 2D, 1*D 
2 W4 6 L*A 
o W3 4K 1 A 
4 Ww 6 eA 
3 W3 8K ie 
6 W3 = , 
7 WS : : 
Pog, Ri - = 
floor FA - = 
Heating Loss = Fire Station 
Gross Glass Ne* Tempe Heat 
Dimensions Area Area Area Diff. Load 
Exposure (ft) (ft) (sq-ft) (sg-ft) (sq-ft) 0 _(F) (Btu/hr) 
aioe =A 14 630 250 489 S25 J4 7,800 
1G 250 eo) 74 20,900 
2 45 LO 450 54 396 029 BC 1,920 
2G ay Le 80 4,889 
3 62 10 620 36 584 «-o25.=S'si«iB—«é«i2 BOQ 
3G eo BBWS 80 bese 
4 45 10 450 54 396 025 80 15920 
AG 54 Lo 80 4,820 
5 45 14 630 72 558 .25 74 10,320 
5G Tee 1.13 7A 67028 
6 62 14 868 B48 025 14 10; 280 
t 62 4 248 248 oe 74 patie, 
roof 62 45 2,790 2,190 o15 {4 40,950 
roof 62 45 25170 2o (20 015 80 535 08 
floor 90 62 perimeter = 304, 304(40) = _12,160 


166,820 








74 
Infiltration Heating Loss - Fire Station 


Exposures 1, 2 and 6 


Unis lt iltratuoen Infiltration 

Windows Doors (Btu/hr ) Loss (Btu/hr) 
6 K 150 6,090 
L*¥A 22220 2egeeo 
2D, 1*D ** 143,100 
171,410 


i 


Q(Btu/hr) = (Volume)(density air)(specific heat of air)(temp. diff.) 
(air changes/hr) 


Q@ = (67,000 cu-ft)(.080 1b mass/cu-ft)(.240 Btu/lb mass F) 
(74 F)(1.5/hr) 
Q = 143,100 Btu/hr 


K. Building number 11 
S 


Figure XIX 


Ordnance Shop 


Exposure Construction Windows Doors 
3 W3 = 1 C5 ee 
2 W3 = 1 ok 
4 W3 ila Ne L*A 
4 W3 8 K os 
roof ul = = 
i Koor FA = ” 


x* “he unit infiltration loss for the D type doors is not applic- 
able to this building because all three of the doors are on 
one exposure. The infiltration has been calculated based on 
one change of air per hour to compensate for door opening and 
closing and one-half change of air per hour due to infiltration. 





15 
Heating Loss = Ordnance Shop 


Gross Glass Net Tempe Heat 

Dimensions Area Area Area Diff. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) u  _(F) (Btu/hr) 
u 140 2 1,680 1,680 025 14 31,400 
2 foe 12 900 900 425 74 INS yl 7de 
3 TAOee 12 1,680 126 15554 ao5 74 28, 780 
3G P26 > ees 74 10,540 
4 12 12 900 Wea 828 B25 74 Lo.520 
AG ee a TA G20 
ool 140 LD LLO*ROO 10,500 mae 14 116,600 
PE LOOr 140 75 perimeter = 4340, 330(40) = 13,200 
290,900 


Infiltration Heating Loss - Ordnance Shop 


Unit Infiltration Infiltratzor 
Windows Doors (Btu/hr ) Loss Btu/hr 
8 K 1, Oi5 8,120 
55630 3,630 
mG 34,600 34,600 
46,350 (74/80) 
= 42,5469 


Low Building number 12 


Figure XX 


Paint and Dope Shop 


76 


Paint and Dope Shop 


Exposure Construction Windows Doors 
z W7 10 K 1A 
2 W7 = 1 & 
3 W7 10 K 1A 
4 W7 = Te 
roof R6 = = 
1 foor F4 = = 
Heating Loss - Paint and Dope Shop 
Gross Glass Net Tempo Heat 
Dimensions Area Area Area Dit. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) UO CF) (Btu/hr) 
i LOO 10 1,000 90 910 Als 89 14,600 
1G 90 1.13 89 95050 
zs 60 LO 600 600 o 18 89 9,620 
b) 100 LO 1,000 90 910 018 89 14,600 
36 90 1.13 89 9,050 
4 60 10 600 600 rus! 89 9,620 
root 100 60 6,000 6,000 ol8 89 96,200 
floor LOO 60 perimeter = 320, 320(40) = 12,800 
1656549) 
Infiltration Heating Loss = Paint and Dope Shop 
Unit Infiltration infiltration 
Windows Doors Btu/hr Loss (Btu/hr) 
LO K 1,015 LO gio 
LA 55 O50 4,650 
imc 34,600 _ 34,600 
48,380 (89/80) 
= 54,800 
M. Building number 20 


) 


{ 
Figure XXI 


Dispensary 





Tf 


Dispensary 
Exposure Construction Windows Doors 
i W2 12 M 1 A, 1*A 
2 W2 ee 2 1A 
3 W2 14 M 2A 
4 W2 CuMin 2 J 1A 
Boot RS = a 
floor F4 = e 


Heating Loss = Dispensary 


Gross Glass Net Temp. Heat 

Dimensions Area Area Area Diet, Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U (F) (Btu/hr ) 
1 85 10 850 216 644 ood 84 11,200 
1G 216 lise 84 20,500 
2 60 TS, 600 114 486 Ball 84 8,560 
2G Bel A 1 oa 84 10,800 
5 85 1O 850 252 644 Get 84 Lis 2Ge 
46 22 a5 84 20,500 
4 60 10 600 114 486 eas 84 8,560 
AG 114 iS 84 10,800 

roof 85 60 Sr aele, a lols) Bo B4 a 

itoor 85 60 So.) 5p Leo 029 34 39,290 
182,320 


Infiltration Heating Loss = Dispensary 


Unit Infiltration Infiltration 

Windows Doors | (Btu/hr) Loss__(Btu/hr) 
aaa 505 1,010 
18 M 1,180 216220 
2A 3,630 75260 
L*A 22,220 22,220 


51,710 (84/80) 
a 54,300 





No Building number 21] 


—_: 


j 


Windows 


48 M, 


8 M 
48 M 
8 M 


Lam} 


Figure XXII 
Administration Building 
Exposure Construction 
1 W2 
2 W2 
5 W2 
4 W2 
roof RS 
Pilkoor 4 


Lome 


2*p 


Heating Loss = Administration Building 


Gross Glass 
Dimensions Area Area 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) 
il 360 20 Ty 200 960 
1G 
fi 60 20 1,200 144 
2G 
B 360 20 7,200 864 
3G 
4 60 20 L200 aA 
4G 
roof S00 © 6¢ 21,600 2 
fieor 360 #460 21,600 2 


Net 
Area 


6,240 
960 
1,056 
144 
6336 
864 
1,056 
144 
1,600 
1,600 


eo / 
eg 


Infiltration Heating Loss <= Administration Building 


Exposures 1 and 2 


Unit Infiltration 


Windows Doors | (Btu/hr) 
56 M 1,180 
2*pP 443 
2*A 22,220 
oA 3.650 


Heat, 
Load 


(Btu/hr ) 


105,000 
86,800 
17eR20 
13,020 

106,500 
76,900 
a3 ee 
13,020 

122,900 

188,000 

1475780 


Infiltration 


Loss 


66,000 
890 
44,440 


19260 


118,590 


Btu/hr ) 


fe 
QO. Building number 22 
3 


| 
Figure XXIII 


All Faith Chapel 


Exposure Construction Windows Doors 
i W2 6N, 2M 1A 
2 W2 2M i Ay as 
5 We 6 N, 2M ee 
4 We 2M = 
roof R4 = = 
i Foor 4 = = 


Heating Loss = All Faith Chapel 


Gross Glass Net Temp. Heat 

Dimensions Area Area Area Dias Lead 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U _(F) (Btu/hr) 
al LL AAG, 16 1, Se. 228 L,o¢2 sel BO 28,400 
iG Zoe) lols 80 20,800 
2 70 IMs Ta 20 36 1,084 eee 80 18,200 
2G So. lai 80 Dae oo 
4 20 16 i020 228 1, oe ae 80 28,400 
4G 228. dep 80 20,600 
4 70 16 Lek 20 50 1,084 gen 80 18,200 
AG 50 lee 80 oe 8, 
roof ae20 710 8,400 8,400 OT 80 AT gL00 
Meee: 120 #70 perimeter = 380, 380(40) = 15,200 
2055 2:08 


Infiltration Heating Loss = Ali Faith Chapel 


Exposures 1 and 2 


Unit Infiltration Infiltration 

Windows Doors (Btu/hr) Loss (Btu/hr) 
6 N 15572 9,430 
4M 1,180 aT 20 
ak. 4 000 fee PLA 
1*A 20°, B20 Perse 


435630 
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Po. Building number 23 
S 
va 4 
riot 
gure XXIV 
Auditorium 
Exposure Construction Windows Doors 
1 W4 40 K 2h, le 
2 W4 2L LA, 1C 
5 W4 40 L own 
4 W4 205 ann 
roof R6 = = 
floor Fd = 2 
Heating Loss = Auditorium 
Gross Glass Net Temp. Heat 
Dimensions Area Area Area Diff. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U _(F) (Btu/hr) 
L 160 20 3,200 360 2,840 seo 14 48,406 
1G SOO loi 1a 30,050 
Z 100 20 2,000 by 1,968 023 14 339500 
2G 52) lee 74 2,670 
5 160 20 4,200 360 2,840 02) 14 46,400 
4G 260° 1206 14 30,059 
4 100 20 2,000 mW 1,968 a) 74 535390 
AG gee io (¢ 2,670 
roof 150-00 16,000 16,000 Pals 74 214,000 
iL Oor 160 100 perimeter = 520, 520(40) = _ 20,800 
463,040 
Infiltration Heating Loss = Auditorium 
Exposures ] and 2 
Unit Infiltration InfiltraGeon . 
Windows Doors (ou no ee Less (Btu/hr) 
40 L 1,015 40,600 
216 15395 25790 
oye 55600 10,890 
L*A 22 eee 22,820 
iPee 34,600 _ 342690 


111,100 (74/80) 
= 102.800 
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Q. Building number 24 


s 
re 
Figure XXV 
Navy Exchange 
Exposure Construction Windows Doors 

ik W4 16 J 1*B 

z W4 = = 

3 W4 16 J LAG ie 

4 Wa : = 
mool R3 = = 


Leon F4 = = 
Heating Loss = Navy Exchange 


Temp. 
Dimensions Dis. 6 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) UO LCF) O(Btu/hr) 
it 180 10 1,800 48 Te oe 529) B80 52 5250 
1G 48 nin BO 4,340 
60 10 600 600 20 BO 11,039 
180 10 1,899 48 ye 023 80 4225 
4G 48 1 &) BO Ay Sad 
4 60 oe 600 600 02D B89 td, Ose 
Poot 180 60 16,800 10,800 007 80 60,509 
floor 180 60 perimeter = 480, 480(40) = 19,200 
L745 980 
Infiltration Heating Loss = Navy Exchange 
Unit Infiltration Infiltration 
Windows Doors (Btu/br) Loss (Btu/hr) 
ie J gis 8,080 
1*B ploy 010) 36.300 


445580 








B2 


Ro “Bulldime niaibefs 25, 26, 27, 28, 29, 30, Simeone 


5 


Figure XXVI 


Eo Mo. Barracks 
Exposure Construction Windows 
1 W4 88 K 
2 W4 5 J 
4 W4 88 K 
4 W4 Da 
root R2 = 
ELoor F4 = 


Heating Loss = KE. M. Barracks 


Exposure (ft) (ft) (sq-ft) (sq-ft ) (sq-ft ) U 
ig 221 ale, One 50 192 Se ois, 629 
1G q9c° lees 
2 B72» 50 960 9 oe ee 
2G 9 a5 
b: Eran 40 6,640 192 spuelols 023 
4G (G2 Claes 
4 32 350 960 9 BOC 2) 
AG OS 

roof 22) 42 Teed 2 tore 008 
floor Aaa 2 TsO V2 TO 029 


Infiltration Heating Loss = BE. Me Barracks 


Exposures 1 and 2 


~, 


——- 


4 A 
L*A 


205 


35630 
PPO O 


Unit Infiltration 


(Btu/hr) 


1,015 


Doors 
1 Ay 1s 
5 A 
L Agi 
pe: 
Temp. 
Diftic 
_(f)_ (Btu/ar) 
BO 107,400 
80 71,600 
80 Ly soee 
80 B19 
89 107,490 
80 T7600 
80 17.680 
BO B19 
80 ie Peat) 
30 6155000 
501,680 


Infil trata ae 


Loss (Buu/hr ) 


89,500 
2,020 
14,5290 
222220 
128,060 





84 
So Building number 43 





Figure XXVII 


Eo. M. Mess and Galley 
ko. M. Mess 


Exposure Construction Windows Doors 
3 W4 = 2A 
4 W4 2*P = 
a W4 10 *0 50 fee oh 
6 W4 o*P i. 
t/ WA = 2A 
9 wa - “ 
roof R3 < = 
floor F4 2 a 
ko M. Galley 
Exposure Construction Windows Doors 
1 Wa bee. lL Ay Sez 
2 W4 4 K = 
8 Wa 8 K = 
roof R2 = = 
floor ¥2 = 


Heating Loss = Bo. Me Mess 





Gross Glass Net Temp. Hea®* 
Dimensions Area Area Area Diff. Lead 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) UD _(P)) (Bea hry 
5 50 «lA 700 700 223 = 80 12,890 
A 80 14 ~&# 1,120 96 1,024 223 = 80 18,820 
AG 96 1.613 80 8,660 
5 180 = 4 2,520 360  ~—- 2, 160 223 = 80 39,720 
co” i 360 1.12 80 32,500 
6 80 14 1,120 96 1,024 .23 8&0 18,820 
6G 06 1.13 80 8,660 
7 50 14 700 700 BY ie 12,890 
9 80 2 90 90 .2% 80 1,660 — 
roof 180 80 14,400 14,400 207 ~=—«80 a0, 700° 


floor 180 80 perimeter = 520, 520(40) = 20,800 
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Heating Loss = E. M. Galley 


Gross Glass Net Temp. Heat, 

Dimensions Area Area Area Dist to Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) UO _(B) es (Btu/hr) 
1 80 i 960 27 933 23 80 179200 
1G ad | 0 80 2,440 
a LOO 12 1,200 46 1 lio 023 80 2h 20 
2G 36 elo 80 55250 
8 100 2 Peco Te 1,128 a2> 80 205750 
BG 72 ity 80 6,500 
roof 100 80 8, G00 8,000 e 08 80 5200 
moor LOO 80 8,000 8,000 eeu 18 82.3200 
204,960 


Infiltration Heating Loss = Eo Me 


Exposumesm>, 6, 7 and 8 


Mess and Galle 





Unit Infiltration Infiltration 

Windows Doors - (Btu/hr) Loss (Btn/hr) 
10 *0 380 3,800 
ee NE A545 BO 
8 K 1,015 8,130 
5 A 3,630 18,150 
3A 22,220 66,660 
975610 


T; Building nunbeu.s4 


5 
| 
Figure XXVIII 


EB. Me Club 
Exposure Construction Windows Doors 
L W4 2*0, 8B K 1*A, 1A 
2 W4 2 LA 
4 W4 2*O0, 18 K 1 A 
4 W4 = 2A 
roof R3 = = 


floor F4 ~ 








Dimensions 


Gross Glass 
Area Area 


Exposure (ft) (ft) (sq-ft) (sq-ft) 


Heating Loss = E. Me Club 


Net Temp. 
Area Dirt. 


85 


Heat 
Load 


(sq-ft) U (F} (Btu/hr ) 


it 160 12 1,920 Dbl Dal ao ono 80 52, 659 
1G 4d leaks 80 LayOkO 
96 2 Liga 2 liggla 2 20 80 21,200 
S 160 2 1,920 234 1,686 023 80 41,060 
4G 2g 61615 80 245180 
4 96 ee ee el oy seo 80 21,200 
roof 160 96 15,480 15,500 oO7F 80 86,000 
floor 160 96 perimeter = 512, 512¢40) = 20, 480 
246,720 
Infiltration Heating Loss ~ BH. M. Club 
Exposures 1 and 
Unit Infiltration Infiltration 
Windows Doors (Btu/hr ) Loss (Btu/hr) 
2*0 3B0 960 
8 K 1,025 8,150 
2A 3600 75250 
L*¥A 22oee0 22220 
Bis has (8 
U. Building number 35 
2 4 
| 
Figure XXIX 
Exposure Construction Windows Doors 
1 W4 Gr Ito A 
2 W4 = 1A 
3 W4 2*0, 12 K 1A 
A W4 = LA 
roof Re = 
sh Janene F4 = 


86 








Heating Loss = C. P. Q. Club 
Temp. 
Dimensions Daft. 

Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) UU &) =6—(Btu/tr) 
ie 96 a2 Tee low ie 1,080 we) 80 19,890 
1G ie dee 15 80 6,500 
2 96 EZ eee ij 625 80 215220 
> 96 12 des WS 180 KT 2 eo 80 175900 
3G 180 gale 80 16, 250} 
4 96 de Ne oy By 572 BS, 80 21,220. 

roof 96 96 Oe 20 9,120 007 80 51,000 
floor 96 96 perimeter = 384,  384(40) = 15 5360 
169,340 
Infiltration Heating Loss = C. P. O. Club 
Exposures 1 and 2 
Unit Infiltration Infiltration 
Windows Doors Btu/hr Loss (Btu/hr 
8K Tons 8,130 
2 A 54050 (9) 
1*A ae 220 22220 
57 om0 
V. Building number 36 
‘| 
Figure XXX 
Laundry 
Exposure Construction Windows Docrs 
1 W3 l2 L, lJ 
2 W3 4 1 1 A, 1*A 
5 W3 l2 Dae — 
4 W3 AD l Coeee 
root R1 fe a 





Heating Loss _- Laundry 





Gross Glass Net Temp. Heat 
Dimensions Area Area Area Di fe. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) Uv eC Bttu/hr) 
1 LOO L4 1,400 5 1,205 ee 80 24,100 
1G 195 ae oy) 80 175600 
2 60 14 840 64 776 025 80 Leo co 
2G 64 The 80 5g7o0 
4 LOO 14 1,400 195 15205 ee 80 24,100 
3G 195 lveae 80 17,600 
A 60 14 840 64 776 25 80 bes wys 20) 
AG 64 Pe ae 80 D9 (80 
roof 100 60 65680 6,000 Bes, 80 72,000 
floor 100 60 perimeter = 320, 320(40F = aeQgiBO0 
210,800 
Exposures 1 and 2 
Unit Infiltration Infiltration 
Windows Doors (Btu/hr ) Loss Btu/he 
Tie ya Looe 22,500 
Jy 505 200 
dey BEe oe Bye o10. 
1*A 22,220 _ 22,220 
48,650 
W. Building number a, 
2 4 
! 
Figure XXXT 
Brig 
Exposure § Construction Windows Doors 
l W3 8 K 1 A 
2 W4 A K. 1 A 
5 W5 8 K = 
4 W 4Kk~ lok 
roof Rl ~ 
iF LOOL F4 e = 
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Heating Loss = Brig 


88 


Gross Glass Net Tempo Heat 

Dimensions Area Area Area Diff, Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) UO BY SC (Btu/hz) 

a 96 LO 960 2 888 a 80 17,760 
1G 12 Vek 3 80 or yee 48) 
2 57 LO 320 2 888 025 BO pi cal 
2G oi AL 80 2,890 
S 96 LO 960 ce 888 oe BO Loo 
5G 12 Hers 80 6,510 
4 De 10 ae0 oe 288 a2) 80 pee (ole, 
AG Ie Tales 80 2,890 
roof 96 a2 HeOF2 oO 2 ee, 80 56,000 
floor 96 32 perimeter = 256, 256(40) = 10,240 
112,880 





Exposures 1 and 2 


Unit Inti bration 


Loss = Brig 





Infiltrageen 


Windows Doors (Btu/hr }) Less Biu/ nT 
eK 15015 Layuce 
1A Seale bie. _ Seo 
Beas. 88, 
X. Building number 28 
| 4 
} 
Figure XXXIT 
Hobby Shop 
Exposure Construction Windows Doors 
1 W5 8 K, 2 J L*A 
2 W5 2K 1A 
3 W5 6 K 2 A 
4 W5 BNE 1A 
roof mR < 
Floor F4 = o 
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Heating Loss = Hobby shop 


Gross Glass Net Temp. Heat 

Dimensions Area Area Area Diff. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) Tl >) =—6 Baw es) 
1 96 10 960 18 B82 Re 80 22,600 
1G fas eG, 80 1,950 
2 48 10 480 18 462 oe 80 11,820 
2G 18 Daas 80 1650 
4 96 LQ 960 Sy 906 ome 80 25,200 
4G a ie 80 4,880 
4 48 LO AB0 18 462 coe 80 Lilae2o 
4G 18 Lek} 80 ee 10, 

roof 96 48 4,610 4,610 15 80 55,250 

floor 96 48 perimeter = 288, 288(40) = 11,520 
151,400 





Exposures | and 2 


YJnit Infiltration Infiltration 

Windows Doors (Btu/hr) Loss (Btu/hr) 
10 K gle Olas 10,156 
sy 505 Lore 
pias: Boi’ 35630 
1¥A 2250 22,220 
57,020 


Yo Building numbers D949 40 and 41 


a, 


Figure XXXIITI 


Training Building 
Exposure Construction Windows Doors 
L Wa 40 K = Ay laté 
2 W4 16 K 2 
5 W4 40 K L A, 1*A 
4 W4 16 K 2A 
root R34 a - 


floor F4 an = 











Heating Less 


90 


Training Building 


Gross Glass Net Temp. Heat 
Dimensions Area Area Area Difi-. Load 
Exposure (ft) (ft) (sq-ft) (sq.ft) (sq-ft) U _(F) (Btu/hr) 
1 160 20 3,200 360 2,840 one 80 pepe lO 
1G 360 dees 80 32,5240 
2 60 20 1,200 144 Iee56 Cw, 80 19,400 
2G 144 He i 80 Lo5uo0 
2 160 20 3,200 360 2,840 023 80 52500 
3G 360 Leds 80 525520 
4 60 20 e200 pe 1856 023 80 19,400 
4G 144 A) 80 13,030 
roof 160 60 9,600 9,600 007 80 OS OG 
micor 160 60 9,600 9,600 29 40 83,600 
3715750 
Infiltration Heating Loss - Training Building 
Exposures 1 and 2 
Unit Infiltration Infiltration 
Windows Doors (Btu/hr) Loss (Btu/br) 
56 K 1,015 56,800 
5 A 53050 10,890 
L*A 225ee0 22,220 
89,910 
Zo. Building number 42 
a 
Figure XXXIV 
PW Administration 
Exposure Construction Windows Doors 
a W4 26 K 1 Ap ea 
Z W4 Oras 1 A 
5 Ww4 26 K lA 
4 Wa Os 1A 
roof R2 = 
floor FA = = 
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Heating Loss — PW Administration 
Gross Glass Net Temp. Heat 
Dimensions Area Area Area Dixs. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U _(F) (Btu/hr) 
gn 150 20 29600 234 206 029 80 435500 
1G 2h) 1. 80 21 5 50 
2 48 20 960 81 B79 oe 80 165.790 
2G 81 low BO 75320 
5 18) 20 2,600 244 2 166 oe 80 43,500 
4G 234 leds 80 2 lyn 0 
4 48 20 960 81 879 Bee. 80 16, #60 
4G 81 Ls 80 teo20 
roof 130 48 6,240 6,240 008 80 39,900 
Pigcr 130 48 perimeter = 356, 356(40) = 14,240 
230,440 
Infiltration Heating Loss ~- PW Administration 
Exposures 1] and 2 
Unite Infiltration Infiltration 
Windows Doors | (Btu/hr) Loss (Btu/hr) 
55 K 1,015 929920 
2A 55000 7,260 
L*A 22,220 22,220 
65,000 
AA. Building number 43 
ae ae 
t 
Figure XXXV 
PW Transportation 
Exposure Construction Windows Docrs 
mf W5 4 « LD Ope 
a W6 a & a" 
y) W5 32 K 2h 
4 Wo 2K 1 A 
roof R6 = = 


floor F4 < a 
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Heating Loss = PW Transportation 


Gross Glass Net Temp. Heat 

Dimensions Area Area Area Die ; Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq=ft) Du 66) Ss Behr) 
Al 200 14 2,800 36 2. ion ae 14 65,409 
LG 36 1.13 14 4,010 
2 40 14 560 18 542 034 74 13,630 
2G 18 1.13 14 1,510 
2 200 L4 25800 288 25764 opie 14 65,400 
4G 288 1013 14 24,100 
4 40 14 560 18 242 054 74 135630 
4G 18 Lous TA 1,510 
roof 200 40 8, 000 8,000 oi8 14 106,600 
floor 200 40 perimeter = 480, 480(40) = 19,200 
515 5999 


Infiltration Heating 


; Loss - PW Transportation 


Infiltration is calculated based on two air changes/hour. 


Q(Btu/hr) = 





(Volume)(Density air)(specific heat of air){temp. diff. ) 


(air changes/hour) 


*% 


Q = (112,000 cueft)(.080 1b mass/cu-ft)(.240 Btu/lb mass F) 
(74 F)(2.0/hr) 
Q = 318,000 Btu/hr 


BB. Building eu eee 


Figure XXXVI 
PW Shops 


Exposure Construction Windows Doors 
1 W5 8 LA, 1 C 
2 W5 AL 1 A 
3 W5 8 F 1*A, 1 
4 W5 A i, 1A 
TOOL R1L o = 
floor F4 c = 








25 
Heating Loss = PW_Shops 





Gross Glass Net Tempo Heat 
Dimensions Area Area Area Diss. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) 0 fe eth) 
Bl 120 14 Los 128 T5558 052 T4 305750 
1G 128 loi fe 10,700 
2 60 ital 840 64 776 032 74 TS500 
2G 64 1.75 14 59 350 
3 120 14 1,680 128 1,552 soe 74 365750 
3G 128 loa 74 10, 700 
4 60 L4 840 64 776 oe 74 18,360 
4G 64 1.13 714 99350 
roof 120 60 15200 T5200 oe 74 T93380 
mioor 120°" 60 perimeter = 360, 360(40) = 14,400 
246000 
Infiltration Heating Loss = PW Shops 
Unit Infiltration Infiltration 
Windows Doors (Btu/br } Less (Btu/hr) 
iL Lg 522 16,720 
1A 3,630 5,630 
1¥*A Peaee0 22,220 
aC 34,600 34,600 
779170 (74/80) 
= 71,300 


CC. Buiiding number 49 


7 


Figure XXXVII 


PW Storage 
Exposure Construction Windows Doers 
j W5 eye lage A . 
2 W5 = & 
3 W5 2 L 1 A 
4 W5 = 2 
roof R6 = e 


ELoOor F4 = = 





94 





Heating Loss = PW Storage 
Gross Glass Net Tempo Heat 
Dimensions Area Area Area Diff. Loss 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) UO (FF) s (Btu/hr) 
i 90 14 1,260 De 1,228 ome 14 29,050 
1G 32 Las 74 2,680 
60 14 840 840 ae 74 19,900 
90 14 1,260 32 lgecs 032 74 29,050 
3G Sa) ets 74 2,680 
4 60 14 840 840 Oo 2 74 19,900 
roof 90 60 55400 55400 ols 74 71,300 
floor 90 60 perimeter = 300, 300(40) = 12,000 
187,160 
Unit Infiltration Infiltration 
Windows Doors _—_—{Btu/hr) —— Loss__(Btu/hr) 
21 ue) 29190 
ae: 34,600 34,600 
55630 39630 
41,020 (74/80) 
= 39 900 


DD. Building number 46 


| 
Figure XXXVIITI 
Heating Plant 


Exposure Construction Windows Doors 
i W5 ig & L*A 

2 W3 a 1A, 198 
3 W3 Lenk 1A 
4 W3 = 1A 
roof R1 ae 


floor F4 = = 








Heating Loss 


22 


- Heating Plant 


Gross Glass Net Temp. Heat 
Dimensions Area Area Area Di£Et,; Load 
Eeeposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U (CF) (Basu ir ) 
1 80 20 1,606 162 1,438 25 oF 23 7 6.0 
1G lo2: 1,1 oe 14,620 
2 60 207 * 1. 200 e018) 25. 8a 24,000 
5 80 207 -- 1,600 162 1,438 725) 20 28,760 
3G bo2 lice 86 14,620 
4 60 20 1 20 1,200 ae, Oo 24,000 
roof 60 80 4,800 4,800 vie 8 57,600 
mOoOr 60 80 Perimeter = 280, 280°C 40)=— 1 Teo 
203,268 
Infiltration Heating Loss - Heating Plant 
Exposures 1 and 2 
Unite Lat 1 iia eon Infiltration 
Windows Doors (Btuyir ) Loss (Btu, 
18K LOS Ices 2. (810) 
1A 516 5 0 Bry 21.0) 
1A: 222 20 2257220 
1 D 49,700 49,700 
93,840 
Jaye ehh Neh iain paces 47 
ae ©, 
1 
Figure XXXIX 
BOQ 
Exposure Construction Windows Doors 
1 W2 60 M 1 A, 1*A 
2 W2 12 M ome. 
3 W2 60 M os 
= W2 12 M 3 A 
rome R2 - - 
E Peor F3 = = 





96 





Heating Loss = BOQ 
Gross Glass Net Tempo Heat 
Dimensions Area Area Area Diges Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) u _(#)) = s (Btu/hr) 
1 260 40 T5800 1,080 6,720 o2l 80 112,900 
1G 1,060 La BO 97,500 
2 48 30 15340 216 1 4 ae 80 18,900 
2G 216 fn) BO Dee Gy AT) 
3 260 30 7,800 1,080 6,720 ma 80 112, 900 
4G relsi6, HES) 80 975500 
4 26° 30 Le 216 be ey we 80 18,900 
4G 216 1.13 80 19,500 
moOOL 260 48 12,480 12.460 008 80 79, 900 
floor 260 48 25400 12,480 029 50 108 , 600 
686,100 
Infiltration Heating Loss = BOQ 
Exposures 1] and 2 
Unit Infiltration Infiltration 
Windows Doors (Btu/hr) Loss (Btu/hr 
72 M 1,186 84,900 
LA 3,630 3,650 
L*A 22,220 22,2a0 
110, 750 


FF. Building number Ae 


{| 


Figure XL 
Officers! Club 
Exposure Construction Windows Doors 
y W4 2*0, 4 M L*A, 1 A 
2 Ww4 aE, 1A 
: W4 2*0, 6 M LA 
4 W4 1*P oak 
roof RS = = 


floor FA = pe 





Dimensions 


Exposure (ft) (ft) (sq-ft) (sq-ft) 


1 TAS 
1G 
2 80 
2G 
5 145 
3G 
4 80 
4G. 
roof 145 
mioor LA5 


Heating Loss - Officers! Club 


d| 


2 


2 


a 


80 
80 


Windows 


2*0 
1*Pp 
6 M 


GG. 


Gross 
Area 


15740 


960 


15740 


960 


11,600 


Glass Net Tempo 
Area Area Bi tt. 


144 vis o ae 80 
144 1.13 80 

48 912 23 80 
io | (lg 80 

144 1,576 ee 80 
14m 1213 80 

48 912 ao 80 
age 1.13 80 

11,600 007 80 


perimeter = 450, 450(40) = 


oe 


Exposures 1 and 2 


Doors 


1*A 
IN 


Unit Infiltration 


21 


Heat 
Load 


(sq-ft) v_ (F) (Btu/hr ) 


29; Sa0 
13,010 
16,800 
453540 
295550 
13,010 
16,800 
49340 
65,000 


18,000 
210,000 


Infiltration 


(Btu/hr ) Loss Btu/hr 

380 760 
~ ngage 

443 886 
1,180 7,080 
00.900 22,220 
5 5630 __12260 
405 200 


Building number 49 
3 


| fs 


Exposure 


} 


Figure XLI 


Commissary 


Construction Windows Doors 


W4 
WA 
W4 
W4 
R3 
F4 


1 Gna) 1*B 


fo ] 


| 1 Ay 


an — 


= co 


ao — 


Heating Loss = Commissary 


Gross Glass Net 
Dimensions Area Area Area 

Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) 
1 100 12 1; 200 48 1, a2 

1G 48 

2 60 lee 720 720 

5 100 i 1,200 48 Looe 

3G 48 

4 60 re 720 720 
roof 100 60 6,000 6,000 


floor 100 60 perimeter = 420, 320(40) = 





Exposures 1 and 2 


Unit Infiltraviaem 


Windows Doors Btu/hr 
16 F 505 
1*B 36,300 


HH. Building gee, 3 





G 
Figure XLII 
Gymnasium and Lockers 


Exposure Construction Windows 
1 Wa 40 K 
2 W4 ~ 
2 W4 40 K 
4 W4 4 @ 
5 W4 = 
6 W4 4] 
{ W4 Ps 
roof R6, Ri = 
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Temp. Heat 

Dite o Load 
U (F) (Btu/hr ) 
ee 80 PAs 24010) 
tas 80 Hie) 
25 80 E200 
mys) 80 215200 
Lei 3 80 4,440 
6 25 80 La pan. 
oO] 80 Bie) ey S16 
12,800 
123,980 





Iinfidtratwem 
Loss Btu/ hr 


8,080 
36 9 300 
44.380 


Ll A, 1*A 
2A 
2A 


a 


Heating Loss = Gymnasium and Lockers 


Tempo 
Dimensions Diff. 

Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U ee) (Btu/hr) 
nh 140 22 a030 360 25 120 ae) 74 46,300 
1G 360 Lol 14 40,100 
2 80 Ze yee 1,760 pe 74 30,000 
5) 140 22 3,080 360 2.420 25 74 46,300 
4G 360 ba TA 30,100 
4 20 10 200 2 res yas 84 5050 
4G 12 Biel) 84 ae 
5 80 10 800 800 SES. 84 15,460 
6 20 10 200 188 023 84 7650 
6G. | 12 dip lS 84 1,140 
1 80 2 960 960 023 74 i of a0) 

roof 140 80 11, 2e0¢ 11,200 018 74 LAg9G LOO 
roof 20 80 becO0 1,600 yD) 84 20, 200 
floor 160 80 perimeter = 480, 480(40) = 19,200 
412,650 
Infiltration Heating Loss - Gymnasium and _ Lockers 
Exposures 1, 2 and 6 
Unit Infiltration Infiltration 
Windows Doors (Btu/hr ) Loss Btu ae 
40 K 1,015 40,600 
4 J 505 2,020 
5A 55650 19,890 
L*A 225220 225220 
55730 (74/80) 
= 70,100 


Ti... Building number “34 


Figure XLII! 


Service Station 


100 


service Station 





Exposure Construction Windows Doors 
Ji Wi = Ee? 
2 Wl 2 
5 Wl Zz 
4 Wi 2d 
3. Wi *0 2 4 
6 W1 *0 1*A 
t Wi = - 
roof Rl, R2 = = 
floor F4 - Bs 
Heating Loss = Service Station 
Gross Glasa Net Temp. Heat 
Dimensions Area Area Area Dies. Load 
Exposure (ft) (ft) (sq-ft) (sq-ft) (sq-ft) U OCF). ia 
I 40 519) 400 60 360 029 TA ts f20 
1G 60 re te 74 5,020 
20 LO 200 200 Eas) fal 4,290 
AO 10 400 400 BAS, 7A 8,580 
20 10 200 6 194 029 BO 4,500 
4G 6 Hn li 80 540 
2 20 10 200 46 164 029 80 brs 86, 
5G 36 ale ie: 80 4,208 
6 20 10 200 36 164 029 80 4,810 
6G 36 lol 5 B89 5c Oe 
roof 40 20 800 809 015 7A 8,290 
roof 20 20 400 400 008 80 23560 
floor 60 20) perimeter = 160, 160(40) = 7,400 
63,040 
Infiltration Heating Loss = Service Station 





Infiltration is calculated based on two air changes/hour 
Q(Btu/hr) = (volume)(Density air)(specific heat of air)(temp. diff.) 


(air changes/hour) 


Q = (12,000 cu-ft)(.080 1b mass/cu-ft+)(.240 Btu/lb mass F) 
(74 F)(2.0/hr) . 
Q = 34,100 Btu/hr 





OL 
Vo. Design Domestic Hot Water Usage Quantities for Individual Buildings 


Table 19 Domestic Hot Water Usage 


Personnel Slop Sink Other 
mii tding Population Water Usage Water Usage Water Usage 


Number (persons } (gal/day ) (gal/day) (gal/day ) 


1 300 600 30 800 
2 50 100 30 600 
3 10 20 10 20 
4 100 200 30 = 
5 200 A400 60 200 
6 200 400 100 200 
q 40 80 20 Z 
8 100 200 60 = 
10 20 1,000 30 = 
a 20 AO 30 > 
12 20 40 30 = 
20 20 12200 60 200 
2 300 600 90 ™ 
a2 100 200 40 = 
23 100 200 30 “ 
24 100 200 60 > 
25 175 8,750 126 o 
26 pial ie alee on) LEAS, = 
ea| Las 8,750 120 = 
28 175 8,750 120 = 
29 1p Baio 120 = 
30 LD be 8,750 120 =e 
gal JAS. 8,750 120 = 
32 175 8,750 120 Z 
23 100 200 150 8,000 
5A 10 40 60 srelere 
35 6 20 30 A450 
36 20 40 30 10,000 
ote 10 400 40 = 
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Personnel Slop Sink Other 
Building Population Water Usage Water Usage Water Usage 
Number (persons) (gal/day) (gal/day) (gal/day ) 


39 300 600 60 2 
40 300 600 60 2 
al 300 600 60 = 
42 100 200 60 = 
4% 90 360 30 100 
A4 150 300 30 100 
46 10 4O 30 30 
AT 200 6,000 g20 2,000 
48 10 AO 60 B00 
AQ 20 40 60 100 
50 100 3,000 60 = 


51 4 20 40 100 





Oh 
VI. Design Domestic Hot Water Heating Load for Individual Buildings 


Heating 4 sq-ft Heating 

Building Gals HW Capacity EDR/100 F 240 Btu/ Load 

Number per day Ratio Temp. Rise sq-ft EDR Btu/hr 
i 630 1/6 A 240 101,000 
800 1/10 4 240 76, 800 
2 130 1/6 4 240 20,800 
600 al 4 240 82,400 
3 50 1/6 A 240 8,000 
230 1/6 4 240 36,800 
5 460 1/6 4 240 73600 
200 1/8 4 240 24,000 
6 500 1/6 A 240 80,000 
200 1/8 4 240 24,000 
i 100 1/6 4 240 16,000 
8 260 1/6 4 240 41,600 
10 1,030 1/7 4 240 141,300 
ipl 70 1/8 4 240 8,400 
12 70 1/8 A 240 8,400 
20 1,460 el 4 240 200,400 
21 690 1/6 4 240 110,500 
22 230 1/6 4 240 36,800 
23 230 1/6 A 240 36,800 
24 260 1/6 4 240 41,600 
25 8,870 1/7 4, 240 1,218,000 
26 8,870 Wa 4 240 1,218,000 
De 8,870 1/7 4 240 1,218,000 
28 8,870 fe) 4 240 1,218,000 
29 8,870 1/7 4 Z40 1,218,000 
30 8,870 Ly Fp 4 240 1,216,080 
31 8,870 1/7 4 240 1, 216,008 
52 8,870 a A 240 1,218,900 
33 8,350 1/10 4 240 801,000 
34 i100 1/10 4 240 105,800 





Joyal 


Heating 4 sq-ft Heating 
Building Gals HW Capacity EDR/100 F 240 Btu/ Load 

DD , 500 1/10 4 240 48,000 
36 10,090 1/10 4 240 969,000 
BT 430 1/7 4 240 59,000 
38 200 1/6 4 240 32,000 
39 660 WAS A 240 105,000 
40 660 1/6 4 240 105, 700 
41 660 1/6 4 240 105,700 
42 360 1/6 4 240 57,600 
43 490 1/8 4 240 58,700 
44 A430 1/8 4 240 51,600 
A6 100 yee 4 240 12,008 
AT 8,120 ty 4 240 1,114,000 
A8 900 1/10 4 240 86,400 
49 200 1/8 4 240 24,000 
50 3,060 1/7 4 240 420,000 
57 150 1/8 4 240 18,000 
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VII. Design Process Steam Heating Load for Individual Buildings 


A. Building number 20 


Unit Steam Consumption Steam Pressure 
Description “ (1b/hr) (psig) 
Bottle sterilizer, 24 bottle 24 40 
Instrument sterilizer, 8x9x18 in. eT 40 
Autoclave, 17.5 x 26 in. 42 49 
Mattress disinfector 30x42x84 in. 42 40 
pumetcal sterilizer, 15x36 in. = Jaa 40 
179 
Enthalpy steam at 40 psig = 1176 Btu/lb 
Enthalpy fresh water at 40 = _ & Btu/1b 


1168 Btu/lb 
(179 lb/hr) (1168 Btu/1lb) = 209,000 Btu/hr 

diversity factor = 60% 
Heating load = .60(209,000 Btu/hr) = 125,400 Btu/he 


0 


Enthalpy to generate steam 


B. Building number 33 


Tn &. steam Consumption Steam Pressure 
Description (lb/hr) (psig) 
Bevegetable Wettlem@y 20 gal 640 LO 
4 steam tables 110 eo 1) 
2 vegetable steamers 240 LQ 
2 dishwashers _ 120 10 
1210 


Heating load = (.75 diversity factor)(1110 1b/hr)(1168 Btu/ib) 
970,000 Btu/hr 


Ni 
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C. Building number 36 

Unit Steam Consumption Steam Pressure 
Description lb/hr (psig) 
Tumbler, 40x94 in. 360 100 
4 flatwork ironers 489 100 
2 standard presses yee) 100 
2 shirt body presses 480 100 
2 cuff and neckband presses 30 100 
4 steam-electric irons e2 100 
2 sleevers Meee 100 

sees) 


Heating load = (.90 diversity factor)(1516 1b/hr)(1168 Btu/1b) 
= 1,594,000 Btu/hr 
VIII Summary of Heating Loads 
Table 21 Design Heating Load by Building 





Heating Heating Domestic Process Total Heat 
Transmission [Infiltration HW Heat Steam Load per 
Building Losses Losses Load Load Building 
Number (Btu/hr) (Btu/hr) Btu/hr (Btu/hr) (Btu/hr) 

a 610, 640 159.620 L7% 800 = 948,060 
Z 1172840 114,765 104,200 = Beis) = 12) 0)5) 
4 215,290 42,100 8,000 = 525. 90 
4 Aj 40 106,650 %6,800 = 5145990 
5 1,836,840 Pi Whig 2 2) 0 97,609 = 6,310,400 
6 1,670,270 4, 500720 14,099 = 6,135,689 
7 1345280 180,000 16,000 = 940, 200 
8 474,500 1 5-100 41,600 = 666, 200 
5) 304,220 99, 200 = = 404,420 
10 166,820 171,410 AT, 300 = 4795530 
igh 238,550 42,400 8, 400 = 2895990 
We 1653930 53800 8,400 ~ 227,740 
20 182,320 54,500 2OOg400 125,400 5629420 
ei 747.780 L695 30 110,500 = 976,870 
22 205,400 45 50¢0 36,800 265 O00 
24 463,040 102,800 26,800 = 602,640 
24 174,980 44.480 ne 2 010) 260,960 





Heating Heating Domestic 
Transmission Infiltration HW Heat 
Building Losses Losses Load 
_Number _ (Btu/hr ) __(Btu/hr) ( tu/hr ) 
25 501,680 128,060 1,218,900 
26 501,680 128,060 1,218,000 
ay POL ers{@. 128706017 2067,,000 
28 501,680 1265060 1,288 000 
29 501,680 128,060" “7 lo eoe 
30 HOLS GSO 1283060. A 2rese0c 
Bi 501,680 128,060 (1,288,000 
42 bOlWIeeO 128,060 1,218,000 
9 461,080 97; ole 801,000 
34 246,720 585570 105,800 
Dip 169,340 475610 48,000 
36 210,800 48,550 969,000 
a 112,880 Lye 59,000 
as 151,400 py oan Ee. 32,000 
39 Sl, 750 89,910 105 , 7@O 
40 Si 5 750 89 910 205,704 
Al Sik > fou B9, 910 105, 700 
oe 230,440 65, Q00 51 good 
43 515 5999 53185000 98, 700 
44 236,620 71, 300 51,600 
lig. 187,160 375 900 ha 
46 20 500 93,845 12,000 
47 686,100 LLOszEO. 1,114,000 
A8 210,000 48, 200 BA, 400 
49 124,980 44,380 24,000 
50 412,650 70 5100 420,000 
ot 63.3940 —2Aeil00 _5_ 289000 
Total 17,944, 200 12,6735565 15988 400 


Process 


Steam 
Load 


(Btu/nr) 


— 


970,000 


— 


1,594,000 


Q 


§ 


C 


f 


Lae} 


_ 


L107 


Total Heat 
Load per 
Building 

tui) 
1,847,740 
1,847,740 
1,847,740 
1,847,740 
1,847,740 
1,847,740 
15847, 740 
1,847,740 
29329,690 


391,090 
2545950 


2,822,450 


187,650 
220,410 
567,360 
567 5360 
567 5360 
3535Q40 
690,690 
595528 
225,060 
309,400 


1,910,850 


334,600 
192,360 
902,750 


115,140 
2,689,400 48,394,565 
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APPENDIX B 


Calculations for Heating System Designs 
Ie Calculations for Heat Lost from Buried Pipes 

The rate of heat loss from a buried pipe depends on a number 
of physical variables. In order to perform calculations based on laws 
of heat transfer it is necessary to determine or assume values for 
several of these variables. 

The conductivity of the soil depends primarily on the type 
of soil, its density, its moisture content and wheiner or not it is in 
a frozen condition. The coast of Maine under consideration is from 
20 to 30 feet above sea level and has a relatively thin overlay of 
sandy soil. Soil density averages 110 1b/cu-ft and moisture condi- 
tions during winter months in unfrozen soil will approach 20 percent. 
The design winter thermal conductivity for the soil is eatimated to be 
16.0 Btu/hr sq-ft+ F/in. The American Gilsulate Company publishes a 
technical data manual for their buried pipe insulation giving values 
of heat loss from buried pipe based on their recommended thickness 
of insulation, a ground conductivity of 12.0 Btu/hr sq-ft F/in., and a 
ground temperature averaging between 50 and 7O F. Heat loss results 
are tabulated by pipe size and fluid temperature for recommended thick- 
ness and type of insulation. 

Actual conditions for this evaluation vary with respect to 
the conditions for which the available Gilsulate data were vaiculle 
Since the heat loss varies directly as the temperature difference beeq 
tween the fluid in the pipe and the soil and as the thermal conduce 
tivity of the soil, all other things being equal, it wiil be possible 


to construct an accurate table based on the conditicns of this study 


- 
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by merely performing a minimum number of calculations sufficient to 
establish the relationship between the original and the new table. 
The technical data assumes a value of soil conductivity of 1.0 Btu/ 
hr sq-ft yt t and a soil temperature averaging between 50 and 70 F 
whereas this study has a soil conductivity 44 percent larger and a 
soil temperature of 32 F. Both of these differences would tend to 
increase the pipe heat losses. Sample calculations for type "B" 
Gilsulate in the temperature range 220 to 390 F indicate an increase 
of 10 to 16 percent over published data. Results for buried pipe 


heat losses for this evaluation are presented in Table 22. 


110 





Table 22 Heat Loss 


Pipe Insulation Temperature (F) 
Diameter Thickness 
(inches) —_(zncher 220 300 510 es) 
1 4 eo 45 60 10 
ile 4 za 49 64 715 
1g 4 34 54 68 80 
2 4 a9 65 78 ve 
25 4 42 70 85 2, 
5 4 46 75 94 108 
3g 4 Ag 79 99 114 
4 4 50 82 105 120 
5 5 50 82 105 120 
6 5 56 92 120 140 
8 6 60 ore) 133 150 
10 8 60 96 130 146 


Values are for winter design soil conditions 
Density = 110 1b/cu-ft 
Moisture = 20 percent by weight (saturated soil) 
Thermal conductivity = 16 Btu/hr sq-ft P/in. 
Soil temperature = 32 F unfrozen 


Pipe centerline burial is a minimum of 24 in. below ground 
level. 


Calculations were based on the source-sink method for heat 
loss from buried pipes and figured with the -1d of nomograph solu- 
tions in the Gilsulate Technical Data Manual, American Gilsonite 


Company, Salt Lake City, Utah. 
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LT. Calculations for the Steam Distribution System 

The steam piping from A (the central heating plant) to 
building 22 is designed for a total pressure drop of 50 psi. Since 
the steam generation pressure is 150 psig, this will provide the 
required 100 psig steam at the laundry building for use as process 
steam. 

No steam piping smaller than 2 inch or condensate piping 
smaller than 1 inch is employed in the design. 

Calculations are performed in the following sequence with 
Sample calculations tabulated for the supply main pipe sections lead- 
ing to each building group. Following the calculations, steam pipe 
sizes, pressures and condensate pipe sizes are listed for the pipe 


sections. 


tabular 
Row Description of Calculation 
cr) Distance in equivalent feet of pipe from the central 
heating plant to the pipe section midpoint. 
(2,040 equiv. ft) 
(2) Pressure drop in psi for each section of pipe. 
(50 psi)(2,040 equiv. f+){8,196 equiv. ft) = (12.5 psi) 
(3) Pressure in psig at the midpoint of the pipe section 
(150 psig) = (12.5 psi} = @137.5 psig) 
(4) Pressure loss in oz/sq-in within the pipe section. 
1Sea/0)(S0pe4) (4,080 aausts £2) . (596 o%/aq-in) 
(5) Length of the pipe section in equivalent feet 


(4,080 equiv. ft) 





ee 


(6) Main sizing is based on the formula 





W = steam flow rate (1b/min) 
P = pressure drop (psi) 
D = pipe inside diameter (in.) 
L = pipe length (equiv. ft) 
d = density of steam (1b/cu-ft) 
This formula is divided into four columns, each containing 


either P, D, L or d to facilitate piping design. 


a 
100 


87 ¥pP/100 = 87 ¥24.9/100 = 43.4 
(7) Column 3 representing Va 
Ya = 2579 
(8) Column 4 represents Yi00/L 
¥100/1 = Y100/4,080 = .1566 


(9) Heat load carried within the pipe section expressed in mbtu/hr 


Column 1 represents 87 


and includes factors of 1.30 and 1.15 times the building de- 
Sign heating to allow for future expansion and heat trans- 
mission losses. The 15 percent heat transmission loss allow- 
ance is checked at the end of the pipe design. 

(10) Pounds of condensate per hour within the pipe section under 
design load conditions. 

(43,100 MBtu/hr)1000/(960 Btu/1b) = (44,900 1b/hr) 

cr) Pounds of condensate per minute within the pipe section under 

design load conditions. 


(44,900 1b/hr)(hr/60 min) = (749 1b/min) 


(12) 


(13) 


(14) 


eS 
Column 2 representing W divided by columns 1, 2 and 4. 


Col. 2 = (749 1b/min)/(43.4) (579) (01566) = 190.4 


The tentative pipe size is selected from the expression 


A pipe size of 10 inches is selected. The 10 inch pipe 
is larger than necessary, however, the next smaller standard 
size of 8 inches is too small since it would result in an 
excessive pressure loss. 
Recalculate the value of column 2 based on the selected 
value of pipe size. 

Col. 2 for a 10 inch pipe = 272.6 
Calculate column 1 for the selected pipe size. 

Cole 1 = (749 1b/min)/(272.6)(.579) (01566) = 3004 
Calculate the pipe section pressure loss. 

Cole 1 = 87 Y¥P/100 

p= l2.2 pow 

Determine the pressure at the end point of the pipe section. 

(150° psig)=-(12.2 psi) =“(13 728 spa 
Determine the steam velocity from friction resistance charts 
in the ASHAE Guide. 

Velocity = 4,300 fpm 


The calculations presented above for rows (1) to (18) are 


presented in tabular form for each supply main pipe section on the 


following pages. Note that two successive pages are required to com- 


plete each steam supply main. Pipe sizes for the steam alternative 


are summarized in table 23. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 


(11) 
(14) 

(7) 

(8) 
(15) 
(16) 
(17) 
(18) 


Pipe Sections for Group I Buildings AB 
Distance, plant to midpoint (equiv.ft) 199 
Pressure drop plant to midpoint (psi) lo 
Pressure at midpoint (psig) 148.3 
Pressure loss in section (02Z/sq-in) 5204 
Length of pipe section (equiv. ft) 398 
Column 1 NS ares 
Column 3 0599 
Column 4 eouL 
MBtu/hr 28,800 
lbs condensate/hr 30,000 
lbs condensate/min 500 
Column 2 = (TTS (ecte3) (cold Mose 
Pipe size (in.) 6= 

Pipe Section AB 
lbs condensate/min 900 
Column 2 ike 
Column 3 og 
Column 4 0501 
cotunn 1 = (ibe-condenesse/ain}, §—— 95,3 
Pressure loss (psi) Tel 


BC 
946 
(oe 

Wh? . 2 
144 
1,095 
265 
588 
2 303 
26,300 


275400 


BC 
457 


71.8 
° 588 
o 303 
DDef 
16.9 


114 


CD 
4a 


Vales: 
ls 
0482 
2203 


6.6 


Pressure at pipe section end point (psig) 142.9 126.0 119.4 


Velocity in pipe section (fpm) 


19300 75500 75500 





(1) 
(2) 
2) 
(4) 
(5) 
(6 ) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 


(11) 
(14) 
(7) 
(8) 
(15) 
(16) 
(17) 
(18 ) 


EF 
3,118 
24.7 
125.3 
50e 
380 
1504 

3 ul 
0514 
21,800 
22,700 
BM ee, 
83.1 


GH 
4,008 
3500 
7.6 
96.2 
130 
21.35 
542 
»370 
19,300 
20,100 
be)s) 
782 


ae 
4,828 
398 
WO 2 
120 
910 
23509 
oe 
Se 
10, 200 
10,600 
emt 
4205 
err 





(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 


(11) 
(14) 

(7) 

(8) 
(15) 
(16) 
(17) 
(18) 


Pipe Sections for Group II Buildings 
Distance, plant to midpoint (equiv.ft) 
Pressure drop plant to midpoint (psi) 
Pressure at midpoint (psig) 
Pressure loss in section (0Z/sq-in) 
Length of pipe section (equiv. ft) 
Column 1 
Column 3 
Column 4 
MBtu/hr 
lbs condensate/hr 
lbs condensate/min 
Pipe size (in) 
Pipe Section 
lbs condensate/min 
Column 2 
Column 4 
Column 4 
Column 1 = fib copsenagsecnil 
01.2) (eel .3) (col a) 


Pressure loss (psi) 


AB 
2,040 
NoNS 
ie) 
398 
4,080 
4504 
0519 
si 566 


435100 


44,900 


149 


TOO aa 


10+ 


AB 
149 

272.6 
oDT9 
o1566 
3004 


P22 


Pressure at pipe section and point (psig) 137.8 


Velocity in pipe section (fpm) 


45500 


903 
285 


79500 


116 


ied 
420 
124.5 
6,100 





(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 


(12) 
(14) 

(7) 

(8) 
(15) 
(16) 
(17) 
(18) 


EF 
59526 


5301 
Te6e5 
23.9 
245 
10.64 
0559 
0639 
31,000 
32,300 
5358 
146.9 


8+ 


EF 
238 
1494 
0359 
0639 
10.5 
125 
123.0 


5 9 300 


ey > 2 


3 9900 


125 
£530 
0524 
568 
1708 

4o2 

1916.0 


9 9 400 


110 
23 6 
0520 
0569 
ies 

os 

LOV Se] 
4,600 


vot 
051.6 
0624 
ies 
Les 
106.0 


2,500 


KL 
75 748 


A7o2 
102268 
D202 
565 
163. 19 
le 
0421 
596 
622 
10.4 
2.98 


2+ 


TO yee 


1,800 


1 


Table 23 Pipe Sizes for the Steam Alternative 


Pipe Straight Steam Section Section Condensate 
section Pipe Pipe Pipe Starting Ending Pi pe 
Building Loading Length Size Pressure Pressure size 

Group 
if ney aeng it _ike psig psig aoe 
AB 40,000 340 6 150.0 142.9 p) 
BC 27,400 960 6 142.9 126.0 3 
CD 265 oO 470 6 loyal, 119.4 3 
DE 25,000 890 6 119.4 NOS 35) 5 
EF 227 00 595 6 LOS. 5 Oe. 4 
FG 22m200 280 6 101.1 97.4 3 
GH 20,100 640 6 97.4 90.2 3 
HI 10,600 820 5 90.2 83.1 25 
cs 805 588 2 Bonu 18.9 Zz 

J=12 2H 135 2 78.9 1eac bE 

BL 2,600 885 3 142.9 138.1 1s 
LM 1,460 390 a4 13651 1360 14 

MN 910 380 2 15G2 0 13358 i 

N=45 PGL® 265 2 Teo cc i eG a 

N=44 452 50 Z 1558 13307 Z 

N=42 He 5 40 2 hie @) hope oes) 1 

L=45 B29 40 2 Aioys!* 1) lated di 

C=-10 5 ie, 60 2 P2on0 125.8 1 

DO 13200 84 24 1ig.4 Hee aaa 1 

0-8 800 rie 2 119.1 118.7 1 

0-9 490 15205 2 BAO iiG4 IL 

k=4 690 Zi 2 105.3 104.5 i 

K=7 ly beo To 2 105.3 104.7 1 

F=4 490 40 Z 101.1 101.0 al 

G-1 1,140 298 2 97-3 95.0 1 

G=2 400 260 2 97 03 96.9 aL 

H-6 7.340 40 35 90.2 89,2 2 

T=5 6,880 AO 33 Boel, 8251 2 

Je 11 Bie 40 2 7809 78.8 1 
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Pipe Straight Steam Section Section Condensate 
Section Pi pe Pipe Pi pé Sar tane Ending Pipe 
Building Loading Length Size Pressure Pressure 5ize 

Group 
A HE Aa ft ee psig psig vale 
AB 44,900 3,400 10 150.0 137.8 4 
BC 44,000 760 8 137.8 128.5 4 
CE 40,300 204 8 128.5 1245 4 
EF 32,300 190 8 124.5 123.0 35 
FG 20,800 410 6 123.0 118.0 3 
GH 9,300 440 5 118.0 11502 Os 
HI 75500 280 A thse 1st (8, 2 
IJ 6,600 280 4 117.20 Ovex 2 
JK 1,330 240 2s 10a? 106.0 1S 

KL 622 540 2 106.0 103.8 1 

L=22 352 150 2 103.8 103.6 ii 

B=-34 A470 88 2 1378 157 37 1 

B=35 300 A404 2 137.8 aig ae 1 

C33 2,790 ee 3 128.5 128.0 1s 

FS 4,430 65 3 12390 WS 2 

S=31 2,215 65 2 25 EAC is 

S$-32 27225 65 2 12053 ieee 13 

FT 4,430 220 3 123.0 120.8 2 

27 2-25 65 2 120.8 Wo ., 5 14 

T-28 2,215 65 2 120.8 119.5 1g 

GU 4,430 65 3 118.0 Ly 2 

U-29 pees 65 2 Lie Ie: iS 

U=30 2,215 65 2 ll 7s 116.0 le 

GV 45450 225 3 118.0 Nels ete 2 

Ve 5 25 65 2 115.8 ma, 5 1S 

V-26 2,215 65 2 115.8 114.5 1g 

H=23 (OMe 116 2 ee 114.8 lee 

H=-41 680 90 2 pases 115.0 it 

I-40 680 90 2 lied ula ayers: 14 

J-39 680 90 2 107 07 10705 1g 

J~-36 3,480 340 3 LOT 1057.5 i 
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Pipe Straight Steam Section Section Condensate 
Section Pipe Pipe Pipe Starting Ending Pipe 
Building Loading Length Size Pressure pressure Size 

Group 
Je by ak ft... 2 AN, DE psig 1No 
KW 2D sa.) 2 L062 0 1Q5-8 At 

W=24 55 70 2 105.8 LOS se 1 gl 

W=49 230 25 2 105.8 LOds 1 it 

L-51 138 $54 2 103.8 TOS [ 1 

EN 1 ga 920 5 Wa 120.4 2 
NO 75410 390 4 120.4 116.0 2 
OP 6,000 260 4 Tia 113.8 2 
PQ 2,690 250 5 Lise sy 13 

Ge] ieo20 86=6 1.5300 2 Tiles 102.4 ls 

N-48 400 444 2 120.4 119.9 1+ 

0=50 1,080 60 2 eka BSS a) 1< 

P=38 264 124 2 NES Ate 115%.4 1+ 

P-47 2,300 338 2 113.8 101.6 1$ 

Q=20 674 162 2 Ld oes 11i1.@ 1+ 

Q-37 226 88 2 16224 HO 25 1} 

A. Buried steam pipe heat losses 
Table 24 Steam Piping Heat Losses 
Pipe Length Average Average Total 
ize Temperature Heat Loss Heat Loss 
is patt Fan Btu/hr/ft Btu/hr 
10 4,400 263 eae f 442,000 

8 1,190 594 25 149,000 

6 eee) 350 Wi 2 477,000 

5 Co 80 338 95 207,000 

4 1,210 541 a7 117,000 

a4 80 328 87 7,000 

3 carlo | 355 90 194,000 

23 25013 344 79 159,000 

2 75423 344 73 542,000 


2,284,000 Btu/hr 





l2l 
Bo Trapping and condensate piping heat losses 
The estimated return temperature of the condensate at 


the heating plant is 180 RF, 


196.16 Btu/lb 

Enthalpy of saturated water at 180 F 147.92 Btu/1b 
Condensate heat losses = (rate of flow 1b/hr)(enthalpy diff.) 
(74,900 lb/hr) (196.16 = 147.92) Btu/lb 
3,610,000 Btu/hr 


C. Steam trap and pumping losses 


Enthalpy of saturated water at 5.3 psig 


Hi 


i! 


I 


At condensate temperature 227.96 F the corresponding 


properties ares; 


i} 


Pressure 20 psia = 5.3 psig 

59.4 1b/cu-ft 

Specific heat 1.00 Btu/1lb F 

Enthalpy saturated liquid = 196.16 Btu/lb 
Heat of vaporization = 960.1 Btu/lb 
115650807 io 


For steam which uses only latent heat as useful heat 


i 


Density 


it 


Enthalpy saturated steam 


in a heat exchanger there are losses of heat during the trapping pros 

cess. The condensate temperature is reduced as it collects awaiting 

to be returned by pump to the heating plant. 

Heat lost in trapping = (enthalpy of condensate at 227.96 F) = 

(enthalpy of condensate at 212 F) 

(196.16 Btu/lb)—(180.07 Btu/lb) 

16.09 Btu/lb 

% condensate re-evaporated = (enthalpy of condensate at 227.96 F)- 
(enthalpy of condensate at 212 F) 100 


it 


A 
if 
: 


(heat of vaporization at 1 atmosphere) 


_ (196.16 Btu/lb)-180.07 Btu/1b) (100 
970.3 Btu/ib 


1.655 % 

98.345 % 

Heat loss due to trapping flash steam makeup 
Heat lost = .01655(74,900 lb/hr)(1 Btu/lb F)(180-50)F 
Heat lost = 161,000 Btu/hr 


eFc 


a 


ft 


% condensate remaining 
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Do. Total distribution system heat losses 
Table 25 Summar: 
Buried steam piping heat losses 2,284,000 Btu/hr 


of Steam Distribution System Heat Losses 





steam side eyipment room heat losses 450,000 
Trapping and condensate piping heat losses 3,010,088 
Trapping flash steam makeup losses to 180 F 161,000 
Total steam distribution system heat losses 6,405,000 Btu/hr 


Percent of heat losses in the steam distribution system 
% losses = (6,405 MBtu/hr)100/(69,300 MBtu/hr) = 9.25% 

Corrected steam flow rates based on actual transmission heat losses 
Building heat load 48.4 million Btu/hr 
Expansion allowance LAS 
Losses in transmission __ 604 

Supply heat load 69.3 million Btu/hr 

Supply steam = (69,300,000 Btu/hr)/(960 Btu/1b) 

= 72,250 ib/hr from and at 212 F 


ko Heat capacity of the steam piping 
Table 26 Heat Capacity of the Steam Supply Piping 








Pi pe Steam Average Enthal py Enthal py Usable 
Size Piping Supply vat. Vapor Sate Liquid Heat 
' Volume Pressure Supply Discharge 
ae cuoft psig Btu/1b Btu/lb Btu/lb 
10 1,860 144 Vo oe 196 939 
8 415 128 1,193 196 got 
6 846 120 1,192 196 996 
5 503 L00 15190 196 994 
4 108 Tit Lge 196 996 
34 6 86 later 196 991 
> Tid Peo os 196 997 
24 67 Ke! ao 196 298 


2 173 110 1,191 196 995 





He) 


Pipe spec. Vol. Density Jsable Heat Capacity 

Size At Supply At Supply Heat of Steam 
Pressure Pressure Supply Pipe 
mio cueft/1lb lb/cueft Btu/cu-ft Btu 

10 235 Reis Byori 655,008 
8 Beato iii 05 130,000 
6 Ses. > 300 299 253,000 
p 3.89 Sua 256 78,000 
4 3.48 o 288 287 51.000 
3g 4.42 » 226 224 1,000 
g) B16 Fro Ue) lS: 35,000 
2s 3.62 276 275 18,000 
2 waO2¢ e270 275 ___ 48,000 
1,247,000 


Heat capacity is calculated based on the discharge steam and condensate 


pressure of 53 psig and the average supply pressure for each size pipe. 


F, Calculations for trapping a steam main 
The condensate formed due to warmup for the 10" steam 
supply main iss 
lbs condensate = (heat lost)/(heat of vaporization) 
= (total weight)(specific heat)(temp diff)/ 
(860 Btu/1b) 
(3,400 £t)(40.5 1b/ft)(.114 Btu/lb F) (366-32 F)/ 
860 
= 6,100 lbs 


ti 


Assuming one hour is allowed for initial warmup, the steam 
trap size is figured as follows; 
lbs/hr condensate = (lbs condensate)(60 min/hr)/(warm up time) 
= (6,100 1bs)(60 min/hr)/(60 min) 
= 6,100 lbs/hr 
Assuming a safety factor of 3 to 1 gives lbs/hr condensate = 
6,100 (3)=18,300 lb/hr 
Therefore, with a pressure differential of 100 psi and a flow 
rate of 18,300 lb/hr a trap is selected from a trap catalog. The trap, 


complete with check valve and strainer, will cost $110.00 
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G. Calculations for selecting condensate receivers 
The 3,400 ft section of condensate return pipe from 
group II buildings will account for the major portion of the condensate 
return piping pressure drop. This drop is checked prior to selecting 
pipe sizes and receiver pumping pressures. Results are presented in 
Table 27. 


Table 27 Condensate keturn Piping Friction Loss 





Pipe Size Friction, Less Total Head Loss 
aa psi/i00 ft psi 
5 204 98.1 
33 eee 45.0 
ae Aaa1e || 
9 ous 74 


Building 33 has a design load of 2,790 1b condensate/hr 
or a building capacity of approximately 15,000 sq-ft EDR. Therefore, 
a condensate receiver with a pump capacity of 223 gpm is selected. 
The pump selected will operate at 40 psig at the outlet to provide 
the pressure differential required to introduce the condensate into 
the return system and overcome frictional resistance in the return 
piping. 


The condensate receivers and pumps are listed in Table 28. 


Table 28 Condensate Pump and Receiver Sizing and Cost 


Building Pump Unit Motor 
Number Pressure Capacity Size 
—_—PSig a HP it 
il 20 6,000 1/3 
2 20 2,000 WAG’ 
5 20 2,000 173 
4 20 4,000 1/3 
5 20 25,000 3/4 
6 20 25,000 3/4 
7 20 6,000 1/3 
8 20 4,000 1/3 
9 20 2,000 1/3 
10 15 4,000 1/3 
ie 20 2,000 IS 
a? 20 2,000 1/3 
20 40 4,000 il 
oa 40 8,000 T 
22 40 2,000 1 
23 AO 4,000 i 
24 40 2,000 1 
25 40 10,0006 il 
26 40 10,000 1 
27 AO 10,000 l 
28 40 10,000 i! 
ag 40 10,000 it 
30 AO 10,000 1 
31 40, 10,000 1 
32 40 10,000 a 
33 40 15,000 le 
34 40 2,000 a 
35 AO 2,000 i 
36 AO 15,000 14 
af AO 2,000 ir 
38 40 2,000 1 





Building Pump Unit Motor Cost 
Number Pressure Capacity Size 

—Pbsig —&Pn__ _HP__ Ea 

ay 40 4,000 1 459 

40 AQ 4,000 1 459 

Al AO 4,000 i) 459 

A2 15 2,000 1/3 588 

43 15 4,000 1/3 388 

44 15 2,000 1/3 388 

AS 15 2,000 1/3 388 

A6 10 2,000 1/3 388 
47 40 10,000 1 668 

48 AO 2,000 i 459 
49 40 2,000 i aoe 

50 40 6,090 iL 459 

51 40 2,000 1 459 

10 in. main 40 30,000 2 942 
Total cost * $22,902 


* The average cost per utility room for condensate pump and receiver 
is $500. 
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SiGe Calculations for the HTW Distribution System 

The HTW piping circuit from A (the central heating plant) 
to building 22 is the longest and heaviliest loaded circuit. Select 
this circuit as the primary circuit. Perform calculations for pipe 
sizing, HTW velocity, frictional resistance, line temperature drop 
and line pressure drop. 

The HTW primary circuit distribution piping is designed for 
a maximum head loss of 166 ft of water exclusive of central plant 
losses. Section AB will be based on a frictional resistance of 0.143 
“i vend water/ft of pipe and the ramaining pipe sections will be based 
on an average frictional resistance of 0.083 in. of water/ft of pipe. 

Once the primary circuit has been designed then all addition- 
al circuits, branches, and individual building services are designed 
to give balanced flow with respect to the primary circuit. 

Calculations are performed in the following sequence with a 


sample calculation of pipe section AB of building group II being pre- 


sented. 
Tabular 
Column Description of Calculation 

(1) Pipe section as designated on Figure III or IV. 

(2) Design heating load for individual buildings summarized for 
the pipe section by adding the appropriate loads from Table 
2 that are handled by the pipe section being designed. 

(3) Each pipe section which ultimately serves more than a single 
building has its heating load vaiue in column 2 increased 
by 30 percent to allow for future expansion. 

(27,239 MBtu/hr)(1.30) = (35,400 MBtu/hr) 

(4) Allow 10 percent heat loss to compensate for pipe transmission 
heat losses. This assumption was rechecked for the completed 
design and found to be realistic for the long circuits and type 
of insulation employed. 

(35,400 MBtu/hr)(1.10) = (38,940 MBtu/hr) 
(5) Calculate the heating load in each pipe section by dividing 


column (4) by the design temperature drop. 
(38,940 MBtu/hr)/(170 F) = (229 MBtu/hr/F) 
Note, (1 MBtu/hr/F) = (1 Mlb water/hr) 





(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


i23 

With the heating load (MBtu/hr/F) or (Mlb water/hr) enter 
the chart of curves based on Fanning's formula and select 
a suitable pipe size to maintain the desired value of fric- 
tional resistance. A 6 inch pipe is selected. 
The actual velocity from the curves for the pipe diameter 
selected and the heating load. 

Velocity = 5.5 fps. 
The actual frictional resistance for the pipe selected equals 
0.143 in. of water/ft of pipe. 
Scale the parallel supply and return piping combined run 
from the building development plans, double this figure, 
and add the extra pipe length required for expansion loops 
to get the total straight pipe for each pipe section. 

Length AB = 2(scaled length) + added length 
2(4,020 ft) + (10 loops)(4 runouts/loop) 
(19 ft/runout) 
6,800sft. of strarght spine 


tl 


il 


Calculate the equivalent straight pipe length by assuming 
an appropriate pipe size and for that pipe section adding 


all fitting allowances to the straight pipe iength. 


Straight pipe AB 6,800°L% 
80=90 deg. long sweep-8 in. 

@ 16.1 ft. eae 1,290 ft 
2-45 deg. welding elbows=8 in. 

© 5.7 ee ea. la ft 
6-90 deg. welding elbows..8 in. 

@8.7 ft. eae Sorte 
Equivalent straight pipe Jength = a Be a Yoo aa Oa 


Calculate the frictional resistance in each pipe secticn 
by multiplying column (8) and column (10) 
Fric. Res. = (0.143 in. of water/ft of pipe) 
(8, 159r Pool pape) 
= 1,168 in. water 
Note the letter designation of each pipe section's start- 


ing end. 





(13) 


(14) 


(15) 


(16) 
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Corresponding to the letter in column (12) calculate the 
total design frictional resistance in inches of water by 
adding the sectional resistances from column (11) succes- 
Sively from the end of the circuit. For the primary circuit 
this value represents the pressure drop which must be used 
to balance all remaining pipe sections. For example, when 
balancing the branch E to building 21. Point E has an index 
value of 477 in. water. Building 21 utility room is allowed 
a minimum of 300 in. of water. Therefore, the piping from E 
to building 21 is allowed the difference or 477 = 300 = 177 ine 

(177 in. water)/(6,910 ft pipe) = 
(0.026 in. water/ft of pipe) 

Then the pipes from E to building 21 are designed to balance 
with the primary circuit. If the circuit cannot be balanced 
without using unreasonably smail pipes, it will be necessary 
to select a pipe size and compensate for the additional ree= 
quired frictional resistance when initially balansing the 
system by means of balancing cocks located after the utility 
room heat exchanger equipment. 
Determine from Table 2¢ the supply pipe transmission heat 
losses for the pipe sizé and fiuid temperature in (Btu/hr/ 
ft of pipe). 
Section AB is 6 in. and contains HTW at 390 F, therefore the 
transmission heat loss will be (140 Btu/hr/ft) o 
Calculate the temperature drop for the supply side of each 
pipe section only. 
(149 Btu/hbr/ft)(3,400 ft)/ 
(229,000 lbs water/hr) 
2207 F 


Calculate the temperature at the terminal end of each supply 


it 


Temp. drop 


mm 


pipe section. 
Temp. = 590 F= 2.07 F 
$87.9 @ at pointes 


if 





(17) 


(18 ) 


(19) 
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Calculate the pressure drop due to the frictional resistance 
for the supply side of each section of piping. 

Pressure drop (psi) = 4 FLV’ (density)/144 Dag 
Therefore pressure drop 1s preportional to density for pur- 
poses of correcting for fluid temperature. Since the pipe 
Sizing chart was based on 300 F average water temperature, 
it is necessary to correct the pressure drop calculations 
when considering the supply side of the piping solely. 

Pressure drop = (in. of water supply section head) 
(density at the average export temp. 
for the pipe section)/(12 in. / fae 
(144 sq-in/sq-ft) 

(584 in.){(54.09 1b/cu-ft)/(12) (144) 
= 18.3 psi 


i 


Calculate the pressure at the end of each pipe section for 
the supply side. Starting with 250 psig deduct the plant 
losses and then each secticn's losses successivelyo 
Operating pressure 250.0 psig 
Central heating plant losses 12.9 psi 
40 ft of water at 400 F avg. tempo _ 
Pressure at point A 248.0 psig 
section AB building group IT iosses 18.5 psi 
Pressure at point B, group IT 219.), psig 
Determine the saturation temperature corresponding tea ths 


pressure for each point as calculated for (13). 


Pressure at point RB 219.7 psig 
Equivalent to 244.4 psia 
Corresponding sat. tempo 595.4 


The calculations presented above as columns (1) te (19) are 


presented in tabular form for each pipe section on *he following pages. 


Note that three successive pages are required to complets each pipe 


section's calculations and results. 





(1) (2) 
Group II Design 
Bldg. Eide. 
Pipe Heat, 
section Load 
MBtu/hr 
AB 275239 
BC Bor, 99? 
CD 24,263 
DE 24,263 
EF 19,167 
FG lig vio 
GH 4,385 
HI De 
IJ 2,648 
JK Bac 
KL pe 
L=22 284 
Beas, 22 = 
EN 5,096 
NO 4,761 
OP 3,858 
PQ 27 
Q-21 977 
Bldg. 21 = 
B34 ope 
Bldg. 34 = 
Ba 25) 
Bl@e. 35 = 
C43 25350 
Bldgo 43 = 
FS 55695 
S=51, 32 1,848 
Bldgs. 31, 32 
FT 3,695 
T-27, 28 1,848 
Bliags. 27, 28 ~ 


GU 


3,695 


(3) 


30 Percent 
Allowance 
for Main 
Expansion 
_MBtu/hr _ 


955400 
345550 
51.9550 
51,5559 
24,900 
155 300 
5 T00 
a5 230 
5,440 
P1008 


pele) 


(4) 


1O Percent 
Allowance 
System 
Losses 
MBtu/br 


5385940 
38,000 


34, 7000 


34,700 
27,400 
16,800 
6,270 
4,600 
45 180 
in 28 
570 
312 

7, 280 
6,800 
5520 
2,479 
1,400 


— 


2,569 


4,960 
25950 


4.9690 
2,940 


4,960 


(Ge 
Heat 
Load 
mlbs 

Water/ 


hr 


229 
224 
204 
204 
161 

m9 

oy 


(6) 
Pipe 
Size 


fH 
=) 
° 


ON 


EP HD WH DH ON 


Nn Wa Ww 
CW SO eo 


NO 


Io ww 


Nm 


NO 
° 
1.’ 





. 8 
erst? fi a) 


Bldg. Res. 
Pipe plist. (apa 
Section water/ 
i. 

AB 0144 

BC 0140 

CD ald 

DE ll 

EF 0075 

FG 00340 

GH 20524 

1510 S Ow 

IJ 0026 

JK 0018 

KL 0014 

L=22 0045 
Brag. 22 = 

EN oOLT 

NO 0040 

OP 0928 

PQ 0928 

Q=21 Oz > 
Bla@e. 21 = 
B=34 2250 
Brags 34 = 
B-35 0037 
Bldg. 55 = 
C=33 0072 
Brae, 4% 

FS 0066 
S-515 32 0135 
Bldgs. 315 32 = 

FT 066 
Tee T, 28 eaes 5 


Bidgs. 27, 28 - 


GU 0066 


(9) 
straight 
Pipe 
Length 

£4 

6 5800 

a8 
480 
LAO 
480 
820 
880 
560 
560 
480 


(10) (11) (12) 
EQuiv o Section Section 
Straight Priee starting 
Pipe ReS o Point 
Length ine ven Letter 

__ft_____water 
8,153 ee A 
1,778 249 B 

645 74 C 
2a] et D 
490 og EB 
920 28 F 
958 33 G 
620 23 H 
618 16 Bg 
a 9 J 
1,140 16 K 
554 NS L 
400 Hea 
2,950 PD kK 
870 pe N 
589 16 O 
560 16 je 
250 66 Q 
= on 21 
210 48 B 
= {86 44 
860 co B 
: ie) 2) 
258 19 C 
560 oy 
165 1] R 
uc 22 S 
405 315 we 
475 wh F 
165 Be: T 
385 274 22 
le La es 


(3) 
Circuit 
Peace. 

Reso 
Ba GOL 


water 


1,995 
827 
578 
504 
477 
440 
Ay2 
379 
356 
340 
331 
315 
400 
478 
44% 
408 
302 
376 
310 
828 
780 


Loe 





| US 
(1) (14) (15) (16) (17) (18) (19) 


Group II Supply Supply Supply Supply Supply Corres. 


Bldg. Heat Section Section Section Section pate 
Pipe Losses Temp. Ending Press. Ending Temp. 
section Btu Drop Tempe Drop Press. 
hr/ft Pp F psi psig F 
AB 140 2507 50159 ILENE: 219.7 395.4 
BC ue 047 387 05 509 2158 39309 
CD loys! 016 bows: led wilvalyy | b Sie ges. 
DE 138 205 S84 ae 4 21463 393 03 
EF 138 SNe 58h ok ob 214521 3 96eL 
FG LS 7 aS | 386.5 o4 PRS 392.9 
GH Jb, NPS, Bisa ee 05 2M eants 5926 / 
Jeli ealed IES) 484.0 o4 22a. 392.5 
IJ 110 1.41 58236 AS: ZAAEAL Bs ccgsh 
JK 93 3) oll 379.4 ak Zee 39204 
KL 85 Seo Beis o AS) Clay 7 $92.0 
L=-22 61 4.82 Aoieat o3 2lls4 59262 
Bldg. 22 ow - - 9.5 201.9 388 6 
EN Lats CxS 200en 5 eae 3935.1 
NO IEG DEALS, Sisa cle ° 2d ez 392069 
OP 116 091 384.7 ° PAL SG) 39223 
PQ 104 Ve 382.9 03 LE | bis len ii 
Q=21 93 Ae oo 368.3 1.0 7a a 59 eco 
Bldg. 21. = - = 965 201.9 Bisicl aie 
B=34 74 2.60 33529 dee 21685 595.50 
Bldg. 34 = = > 9.5 209.0 5910 
B=35 70 G7 5 flo rg. 21922 590s 
Bode. 35 = = - 9.5 209./ 5 noo 
C=33 97 oe 58606 03 21565 395-9 
Bldg. 33 ~ = ~ 9.5 206.0 390.2 
FS 107 029 386.8 02 al BGS. 493.0 
S=531, 32 92 soe 58559 >) Bis 2 59269 
Bldgs. 31, 32 = - ° ~ Se 20551 389.2 
FT 107 099 306 ol i) 2isac 39209 
Teeie co 92 050 ies 03 212.9 Bs Pad 
BIAS. 2/, 28 = c = 9.5 203.4 piers) onl 


GU 105 029 28042 ae 2g 392.8 





(1) 


Growp II 
Bldg. 
Pipe 


Section 


U=29, 30 
Bldgs. 


GV 
Y-25 5 


Bldgs . 


H=23 
Bldg. 
H=-41 
Bldg. 
I=40 
Bldg. 
J=49 
Bldg. 
J=36 
Bldg. 
KW 
W-49 
Bldg. 
W=24 
Bldg. 
L=5l 
Bldg. 
N~-48 
Bidg. 
0-50 
Bidg. 
P=-58 
Bidg. 
P=47 
Bi age 


295 


26 


209 


a 


41 


40 


De 


Ae 


Ad 


24 


De 


48 


50 


38 


4’ 


(2) 
Design 
Bldg. 
Heat 
Load 
MBtu/hr 


1,848 


[—<] 


3 5695 
1,848 


[=] 


(3) 


40 Percent 
Allowance 
for Main 
Expansion 
_MBtu/hr__ 


ca 


(4) 


10 Percent 
Allowance 
system 
Losses 


MBtu/hr 


2,030 
4,060 
2,030 


(5) 


Heat 
Load 
mlbs 
Water/ 
he 


12.0 


(6) 
Pipe 
Size 


in 
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(1) (8) (9) (10) (11) fle) (13) 
Group TI Eric. Straight Equiv. Section Section Circuit 
Bldg. Reso Pipe Straight Frive ¢ starting Frieo 
Pipe in. #6 Length Pipe Res. Poims Res o 
Section water/ Length ine @e Letter in. of 

| it ft ft _water water 

U=29, 30 o 15 130 165 ae U 402 
Bldgs. 29,30 = = - 380 29, 30 380 
GV 0066 440 415 pe G 413 
Veo, 26 0 15 So) 165 fas V 482 
Peeges. 25, 26 = co = 360 25, 26 360 
H=23 0070 252 565 26 H 48% 
Bldg. 23 ~ 2 = Bo 2 bye 
H=-41 068 180 270 14 H 319 
Bae, Al = oe = 365 Al 365 
I-40 0068 180 Pad 14 nt yoy! 
Bldg. 40 = = = 440 40 440 
J=39 0068 180 22 14 J 4350 
Eldg. 39 = = 20 DS 5ae 
J=36 0020 680 Te 10S J 340 
Blige, 36 = = = 529 36 325 
KW 0041 228 2oe ll K 432 
W=A49 oO019 50 S| uf W 52m 
bide. AQ = = ~ 420 49 320 
W=24 o 107 140 15¢@ 6 W 523 
Bide. 24 = = < pie. 24 5 
L=51 0924 308 550 8 L 515 
Bide, 51 = = = SO) Da 503 
N-48 0058 888 940 55 N 445 
Bldg. A8 = ~ = 390 48 390 
0-50 2054 120 LO 4 O 409 
Bldg. 50 = = = 405 50 405 
p=38 o024 248 280 T le 5 92 
Bldg. 38 = = = 385 58 985 
P- 47 0047 776 845 40 P 32 


Bide, 47 = = = 350 47 550 





die 


(1) (14) (15) (16) (17) (18) (i) 
Group II Supply Supply Supply Supply Supply Corres. 
Beg o Heat section Section Section Section Sat. 
Pipe Losses Temp. Ending Presse Ending Tempe 

section Btu Drop Temp. Drop Press o 
hr Art F F psi psig F 
U=29, 30 90 049 56507 oy) 21256 392.6 
Bldgs. 29, 30 = = e 925 20555 389.9 
GV 105 098 5855 5 05 21250 592..] 
225, 26 90 o49 98560 03 PAA. 39206 
mires, 25, 26 = = = a5 205.50 488.9 
H=-23 76 2n.26 482.8 oA 2A 392.6 
Bldg. 23 = = = 9.5 20209 488.9 
H=-41 TT aS Fess 3 o3 CIALIS. 392.5 
Bldg. 41 = = = 905 204300 388.9 
I-40 T7 1.83 Ho ce 03 21201 59204 
Bldg. 4O = = = 9.5 202.6 488.8 
J=39 a s85 480.8 oD 211.8 29255 
Bldg. 39 = = = 925 20265 5307 
J=-36 95 4.09 bis Fas) ono 211.8 392.3 
Bide, 36 © = = 905 202 04 oo) 
KW 14 2091 Site 02 Zila 59255 
W-49 70 1.46 57500 oO 2 ldeo 8 S92 
bades 49 = = = Ooo 2O2a 388. / 
W=24 70 2.88 piles! od Zan eat 59255 
Bldg. 24 = = = 905 20256 388.8 
L=51 55 Ie 2 vl. all 211.6 bh a 
Dad@. 51 = © 905 20 2a) 388.6 
N-48 72 14.5 3722 oJ 21269 392.0 
Bldg. 48 = - = 9.5 20404 585.1 
O=50 88 oon 384.7 oul Pai Gye 39208 
Bldg. 50 ~ = = 905 205.0 SG dec 
P=38 72 baos BM esl ae. el 21209 $9254 
Bude. 50 = “2 = 909 204.4 489.1 
P47 94 2094 381.8 Ae 21264 492.6 
Blag, A7 o = = G05 20209 388.9 





(1) 


Group II 


Bide. 


Pipe 


Section 


Q=20 
Bldg. 
Q~37 
Bldg. 


20 


| 


(3) 
50 Percent 
Allowance 
for Main 
Expansion 


MBty/hr 


/— J 


ana 


(4) 

10 Percent 
Allowance 
vystem 
Losses 


MBtu/hr 


618 





(1) 
Growp It 
Bldg. 
Pipe 
Section 


Q-20 
Bldg. 20 


Q-37 
Bldg. 37 


(8) 
Bric. 
Res. 

in. of 


water / 
ve 


060 


=o 


00920 


io) 


(2) 
otraight 
Pipe 
Length 


ft 
524 


(10) (11) 
Equiv. Section 
Straight Friese 
Pipe Res © 
Length in. Of 
ft water 
BIS) 3: 21 
= eo 
LH 4 
cs 570 


13 
(12) (a) 
Sec tion Circuit 
Starting Yi c% 
Point Reso 
Letter ime Ot 
water 
Q 376 
20 ID9 
Q 374 
37 370 


8 


(1) 
Group IT 
Bldg. 

Pipe 
section 

Q~-20 
Bldg. 20 
Q-37 
Blase, 3/ 


(17) 
supply 
Section 
Press. 

Dropo 

psi 

o4 
905 


ol 
905 


(18) 
supply 
section 
Ending 
PressSo 


psig 
212.3 


PL OVATS 3. 
212.6 
COS 





(1) 


Group 
Bldg. 
Pipe 


I 


Section 


AB 
BC 
CD 
DE 
KF 
FG 
GH 


ah? 


45 


45 


42 


44 


LO 


(2) 


Design 


Bldg 
Heat 
Load 


MBtu/hr 


19,252 
17,623 
p43 
16,074 
14,569 
14,246 
12,962 
6,827 
oi 


2) 

30 Percent 

Allowance 
for Main 
Expansion 
MBtu/hr 


25,000 
22,900 
22), 500 
20,900 
18,900 
18,500 
16,800 
8,880 

672 


(4) 
10 Percent 
Allowance 


System 
Losses 


MBtu/hr 


27 5500 
25,200 
24,500 
23,000 
20,800 
20,400 
18,500 
9,770 

(ee. 


BN: 
Load 


(6) 


Pipe . 


Size 





(1) 


Group I 


Bldgo 
Pipe 


(8) 
¥YLC o 
Res. 


in wor 


pection water 


=e eee ee eee eee See eee eee ee eee 


2 


45 


4) 


42 


44 


LO 


(9) 


Straight 


Pl pe 


Length 


(10) 


Equiv. 
Straight 


Pipe 


Length 


(11) (12) 
Section Section 
FRaCre otarting 
Res. Point 
in. set Letter 
water 
62 A 
370 B 
Lay C 
280 D 
85 E 
fe F 
134 G 
144 H 
113 ip 
9 J 
590 12 
289 B 
950 L 
219 M 
5 N 
845 45 
49 L 
hy) 44 
La M 
1, Les 42 
A N 
880 44 
a2 C 
le ore 10 
89 D 
106 0 
1,230 8 
665 O 
670 9 
214 E 
939 4 


(13) 


Circuit 


Fries 
Reso 


im, Of 


41 





(1) 
Group 
Bldg. 
Pipe 


AB 
BC 
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(1) (14) (15) (16) (17) (18) (19) 


Group I Supply Supply Supply Supply Supply Corres. 
Bldg. Heat Section Section Section Section Sato 
Pipe Losses Tempo Ending Press. knding Tempo 

Section Btu Drop Tempo Drop Press o 

nas) gay F F psi psig F 
ey 68 079 386.9 Beal EAM | 396.2 

Bldg. 7 - = = Shed) Ze. 2 502 a0 
F=3 68 Pao | SoCaa ee 22565 59601 
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G-l (eg 3266 56 54) 4.0 218.3 594./ 
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G=2 68 8.04 Sige ee 22007 5 orc 

Bldg. 2 o = ~ oIOeo) Zao 2 SoZ 
H=6 96 010 386.3 ae 219'..6 595 

Bldg. 6 = = = 935 EA 0]mah 491.7 
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Je-ll 62 1.30 iis 1 02 EES 5950 
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A. Distribution system heat losses 
Table 29 HTW Piping Heat Losses 


Full Load Conditions No Load Conditions 





Pipe Length Average Total Average Total 
Size ft Heat Loss Heat Loss Heat Loss Heat Loss 
De 3tu/hr/ft Btu/hr Btu/hr/f t Btu/hr 
6 10,820 (140+56)/2 = 98 1,060,000 (140+120)/2 = 130 1,405,000 
5 8,790 (120+50)/2 = 85 747,000 (120+105)/2 = 113 994,000 
4 3,820 (120+50)/2 = 85 325,000 (120+105)/2 = 113 432,000 
35 1,120 (114+48)/2 = 81 91,000 (114+ 99)/2 = 107 120,000 
3 1,640 (108+46)/2 = 77 126,000 (109+ 94)/2 = 101 166,000 
2 4,920 (99 +42)/2 = 71 350,000 (99 + 85)/2 = 94 463,000 
2 ABOU (92 %459)/2 = 166 264,000 (92 + 78)/2 = 85 341,000 
1s PO. (COM ) /2\ =aoe 143,000 (80 + 68)/2 = 74 185,000 
ee 22080 «(75 qtd1)/2 = 53 275,000 (75 + 64)/2 = 70 362,000 
il 5,094 (70 +29)/2 = 50 255,000 (70 + 60)/2 = 65 331,000 

Buried distribution piping 

losses 3 63G, G00 4,799,000 
Estimated equipment room 

losses 500 , 000 500 , 000 
Total distribution heat 

losses 4,136,000 55,299,000 

Percent of heat losses | | 
= (4,136 mbtu/hr)100/(65,000 mbtu/hr = 6.35% 


in the HTW distribution system 


It can be noted that distribution heat losses under winter 
design, no load condition, should it ever exist, would only be 5,299 
mbtu/hr total or 29 percent greater than full load losses. During the 
summer period the heat losses would tend to be reduced due to the efe= 
fect of higher ground and air ambient temperatures but would tend te be 
increased due to higher return water temperatures, These two factors 
will tend to balance each other and it is concluded that summer and 


winter piping heat distribution losses will be approximately equai. 
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Heat capacity of the HTW Supply Piping 
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Table 30 Heat Capacity of the HTW Supply Piping 


Pipe ‘Supply Average Enthalpy Enthalpy Enthalpy Supply 
Size Piping Supply of Supply of Return Bat fic Heat 
Volume Temp. HTW HTW Capacity 
is cu-ft F Btu/cu-ft Btu/cu-ft Btu/cu-ft & Btu 
6 1,084 389 19,650 11,2 8,430 9,150,000 
D 612 387 19,550 al , 220 8,330 5,100,000 
4 170 385 19,460 ile 20 8,240 1,400,000 
os 39 384 19,420 11,220 8, 200 315,000 
3 42 384 19,420 1d 220 8, 200 345,000 
25 82 382 19,340 leery 9) 8,120 665,000 
2 AT 380 19,250 11,220 8,030 375,000 
14 18 380 19,250 T1220 8,030 140,000 
1+ oy 378 19,160 11,220 7,940 2m O00 
1 16 375 19,020 113226 7,800 120,900 
175825,000 


The effective stored heat capacity is all contained within 


the supply half of the distribution system. Heat capacity equals 


17,825,000 Btu under winter design conditions. Heat capacity is 
calculated based on a discharge temperature of 220 F and the average 


supply temperature for each size of pipe. 
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IV. Calculations for Sizing of HTW System Pumps 
Distribution system frictional resistance = oot t 
Heating plant frictional resistance (estimated) = v1 Om as 
Total resistance = 196 ft of water 


Capacity of the pumps at full load 


Q = pump capacity (gpm) 


H = total design heating load (Btu/hr) 
Q = H/(design temp. diff.)(8.33 1b/gal)(60 min/hr) 
(spec. heat) 
Q = (65,000,000 Btu/hr)/(170 F)(8.33)(60)(1 Btu/lb F) 
QO = 7/65 gpm ab oe. 
Water Water Water 
Temperature Density Flow Rate 
F ib/cu-ft, ___ gpm 
62 62.344 765 
220 59,630 799 
370 54,855 869 
390 54,054 882 


Q = 765 gpm (62,544/59, 630) 
Q= 799 gpm @ 220 F 

Two pumps are selected and paralleled so that either pump 

will deliver 800 gpm at 220 F against a 196 ft head, The 

second pump is for standby. 

Horsepower requirements at full load are determined to be 50 hp. 
HP = (flow rate lb/hr)(ft of head)(1 HP min/33.000 ft-lb) 


(1 hr/60 min)(1/pump efficiency) 


HP = (382,000 lb/hr) (196 ft) (HP min/33,000 ft-.1b) 
(hr/60 min) (i/.78) 
HP = 48.5 
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Calculations for Determining the Supply Heating Load on an 


Annual Basis 


Ao 


Bo 


Domestic 


Btu/yr 


it 


it 


hot water 
(115,620 gal/day)(365 day/yr) (62.4 lb/ft”) 
(1 Btu/lb F)(90 F)/(7.48 gal/ft?) 


31,650,000,000 Btu/yr 


Process steam buildings 20 


Btu/yr 


i 


il 


(125,400 Btu/hr)(2 hr/day) (365 day/yr) 


91,500,000 Btu/yr 


Process steam building 33 


Btu/yr 


(970,000 Btu/hr)(8 hr/day) (365 day/yr) 


2,855,000,000 Btu/yr 


Process steam building 36 


Btu/yr 


i 


il 


(1,594,000 Btu/hr)(8 hr/day)(260 day/yr) 


3,320,000,000 Btu/yr 


Building heating 


Btu/yr 


il 


(Btu/hr)(degree days)(24 hr/day)/(design temp diff.) 
(30,618,000) (7.500) (24)/(80) 


68,900,000,000 Btu/yr 


oteam alternative distribution system losses 


Btu/yr 


(6,400,000 Btu/hr)(24 hr/day)(365 day/yr) 


56,000,000,000 Btu/yr 


HTW alternative distribution system 


Btu/yr 


(4,100,000 Btu/hr)(24 hr/day)(365 day/vsr) 


35,900,000,000 Btu/yr 





ele 


Ho Total supply heating load 


Table 31 Summary of Annual Supply Heating Loads* 


Requirement steam xX 10°Btu/yr HTW x 10°Btu/yr 


Domestic hot water 41650 41,658 
Process steam 62267 2,947 
Building heating 68,900 68, 900 


Distribution losses 56,000 359900 
162,817,000,000 Btu/yr 139,397,000,000 Btu/yr 


* Does not include plant auxiliary heating load 


Nelo Calculations for Determining Central Heating Plant Auxiliary 
Heating Load 
A. Atomization steam for steam alternative 
Estimated to be 1.0 percent of supply steam 
Design Btu/hr = (.01)(72,250 1b/hr)(960 Btu/1b) 
= 693,000 Btu/hr 
Annual Btu/yr = (201) (1e2mee 107Btu/vr} 
= 1.63 x 107 Btu/yr 
Bo Atomization steam for HTW alternative 
Estimated to be 1.0 percent of supply HTW 
Design Btu/hr = (.01)(65,000,000 Btu/hr) 
= 650,000 Btu/hr 
Annual Btu/yr = (.01)(139.4 x 10? Btu/yr) 
= 1.40 x 10” Btu/yr 
C. Blowdown for steam alternative 


Estimated to be 1.5 percent of supply steam 





Nas a 


Design Btu/hr = (.015)(72,250 lb/hr) (960 Btu/1b) 


i 


i 


1,060,000 Btu/hr 


Annual Btu/yr = (.015)(162.8 x 107 Btu/yr) 


2 hemi 107 Btu/yr 


it 


Do Blowdown for HTW alternative 
Estimated to be negligible 
Ko soot blowing for steam alternative 
Estimated to be 0.5 percent cf supply steam 


Design Btu/hr = (.005)(72,250 1b/hr)(960 Btu/1b) 


i 


346,500 Btu/hr 


Annual Btu/yr = (.005)(162.8 x 10? Btu/yr) 


fi 


Soe 10? Btn/yr 
F, Soot blowing for HTW alternative 
Estimated to be 0.4 percent of supply HTW 
Design Btu/hr = (.003)(65,000,000 Btu/hr) 
= 195,900 Btu/hr 
Annual Buu/yr = (.005)(iaemex 107 Btu/yr) 
= o40 x 107 Btu/yr 
Go. Transmission trapping losses for steam alternative 
Calculated to be 1.66 percent of supply steam. 
Design Btu/hr = (.0166)(72,250 1b/hr)(960 Btu/1b) 


Ay es (0(00) Zerby leks 


i 


Annual Btu/yr = (.0166)(162.8 x 107 Btu/yr) 


2.70 x 107 Btu/yr 


il 


H. Transmission trapping losses for HTW alterna: 72 


There are no traps in the HTW transmission system. 





Io Leaks and losses of the steam alternative 


Estimated to be 2.0 percent of supply steam 


Design Btu/hr = (.02)(72,250 1b/hr)(960 Btu/1b) 


fl 


1,386,000 Btu/hr 


it 


(202) Vezeo=s 10” Btu/yr) 


} Btu/yr 


Annual Btu/yr 

= 3,26 x 40 

Jo Leaks and Losses of the HTW alternative 
Estimated to be negligible 

Ko Make-up water for the steam alternative 


Table 32 


r Requirements for the 


|S ey CSR te a a ST a a ee 


Q 
Requirement 1b steam/hr MBtu/hr Braye x 107 


Summary of Make-up Wate Steam Alternative 





Atomization 125 693 165 
Blowdown 1,983 1,060 2.42 
Soot blowing 361 346 se 
Trapping losses 1,200 deeb 20/0 
Leaks and losses 1,446 he oo deco: 
4,813 lb/hr 4,636,000 Btu/hr 10.83 x 107 Btu/hr 


Lo Feedwater heater steam for the steam alternative 


72,250 lb/hr = 1,200 1b/hr = 71,050 1b/hr system return 
at 180 F 


4,813 lb/hr make up water at 50 F 
Steam rate = (71,050 lb/hr)(i Btu/lb F)(30 F)/(960 Btu/1b) + 


(4.813 1b/hr)(1 Btu/lb F)(160 F)(960 Btn/1b) 


it 


4,024 1D S3eame he 


(3,023 1b/hr)(960 Btu/1b) 


Design Btu/hr 


ij 


2,900,000 Btu/hr 





Me 


No 


DD 


il 


Annual Btu/yr (liG2 . Sina 10? Btu/yr) (2,900,000 Btu/hr) / 


(69,300,000 Btu/hr) 


6.81 x 10° Btu/hr 


Fuel heating for the steam alternative 


Fuel burning rate = (74,800,000 Btu/hr)/(152,000 Btu/1b) 
(8 1b/gal)(.81) 
= 75.9 gal/hr design 
Fuel circulation rate = 300 gal/hr 
Design 1b/hr = (300 gal/hr)(8 1b/gal)(.5 Btu/1b F) 
(200 F = 40 F)/(960 Btu/1b) 
= 200 1b steam/hr 
Design Btu/hr = (200 1b/hr)(960 Btu/1b) 
= 192,000 Btu/hr 


Annual Btu/yr (16200 107 Btu/yr) (192,000 Btu/hr)/ 


i 


(69,300,000 Btu/hr) 


fl 


of ae 10” Btu/yr 


Fuel heating for the HTW alternative 


Fuel burning rate = (66,900,000 Btu/hr)/(152,000 Btu/1b) 


(8 1b/ ga yee ) 


it 


64.01 gal/hr design 


Fuel circulation rate = 250 gal/hr 


i! 


Design lb/hr = (250 gal/hr)(8 1b/gal)(15 Btu/ib F) 


(200 F = 40 F)/(960 Btu/1b) 


i 


167 1b steam/hr 


Design Btu/hr = (167 1b/hr) (960 Btu/hr) 


fl 


= 160,000 Btu/hr 





Annual 


Btu/yr 


(65, 


il 


000,000 Btu/hr) 


334 x 107 Btu/yr 


154 


(139.4 x 107 Btu/yr) (160,000 Btu/hr)/ 


QO. Steam generation requirements for the steam alternative 


Table 44 Summary of Design Steam Generation Requirements 





Requirement 
Supply 
Fuel heating 
Atomization 
Soot blowing 
Feedwater heating 


Leaks and losses 


_for the Steam 


Lb steam/hr 


124250 
200 
123 
361 

5 9925 


1,446 


78,003 lb/hr 


Alternative 
69,300 
WS) 2 
693 
346 
2,900 


74,817,000 Btu/hr 


P. Auxiliary load for the steam alternative 


5,753 1b steam/hr design 


5,530,000 Btu/hr design 


12,970,000,000 Btu/yr 


Qo Heating requirements for the HTW alternative 


Table 44 Summary of Design Heating Requirements 


Requirement 

Supply 

Fuel heating 
Atomization 


soot blowing 


for the HTW Alternative 


MBtu/hr 
65,000 


160 


66,005,000 Btu/hr 





162.82 
045 
1.63 
082 


6.01 


3 ao 


175079 


Btu/yr 2 107 


39.640 


034 





MBtu/hr Btu/yr x 107 


x 107 Btu/yr 


141.540,000,000 Btu/yr 


1553 
Ro Auxiliary load for the HTW alternative 
1,005,000 Btu/hr design 
2,140,000,000 Btu/yr 
So oummer auxiliary load for the steam alternative 


MBtu/hr = (5,530 MBtu/hr) (17,800 MBtu/hr)/(48,400 MBtu/hr) 


il 


i 


2,038, MBtu/hr 


T. Summer apxiliary load for the HTW alternative 


MBtu/hr = (1,005 MBtu/hr)(16,200 MBtu/hr)/(46,800 MBtu/hr) 
= 348 MBtu/hr 
VII. summary of Pipe Requirements 


Table 35 Summary of Pipe Requirements for the 
Heating Distribution System Alternatives 





Pipe Guest / Pipe Length Required Insids Pipe Volume 
91ize ft feet Cu=i 
ins of pipe Steam Cond. HIW Steam Cond. HW 
10 05475 35400 © = 1,860 = = 
8 oangS 1,190 = = 413 5 = 
6 02005 4,225 = 10,820 846 " 2,168 
5 01391 mast? * 8,799 393 o 1,223 
4 00889 loewo 4,564 39020 108 388 340 
34 00687 80 190 120 6 43 77 
3 00513 2,157 fees 1,640 sipB 218 BA 
as 00333 22014 ~ tee 4,920 67 42 164 
2 00233 T5425 (25920 4,010 LAG 65 94 
14 20141 - A A25 2500 = 62 2 
14 00104 @ pe ey 5,180 a 13 54 
1 © 0060 = 523710 55094 a2 _ ee 34 
23,878 25,818 47,054) jece 833 4,270* 


* HTW pipe lengths and volumes are divided evenly between supply and 
return portions of the distribution system. 
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voi T Recommended Material Specifications 


Table 36 Sample Material Specifications for Steam or HTW Piping 


Item Specification 
Pipe material ASTM A53 Grade A seamless or lapwelded 
Minimum thickness Bch sara 
Minimum thickness for lines 2" 
and smaller DCN. COs 
Minimum pipe size ea 
Type of joints 23" and larger Flanged or welded 
Type of joints 2" and smaller Screwed and seal welded or socket welded 
Butt weld joints per engineers 
standard log M 507 or M 508 as applicable 
Welding fittings and forgings Thickness equal to pipe (min), 
ASTM A181 Grade 1 

Flanged fittings and castings ASTM A216 Grade WCA or WCB 
Pressure class ASA 300 lb 
Flange facing Raised face fine serrated finish 
Gaskets Flexatalic type CG 
Bolt studs ASTM A19% Grade B7 
Nuts ASTM A194 Grade 2H 

Body Material ASTM A216 Grade WCA or WCB 

Pressure Class ASA 400 Lb 
 .. , Bonnet 2g" - 4" Bel ted 
larger Bonnet 5" and up Bolted 
Pelves Class ASA 600 lb 
= and Material ASTM Al81 Grade 1 
vee Bonnet Bolted 
Valve internals and trim Alloy steel 


Bypass required on gate valves 
larger than ot 


* Schedule 40 costs and dimensions are utilized in this thesis. 
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APPENDIX C 
Caleulations for Heating System Costs 


Data for Calculating Fixed Costs 


2252 5 
Table 37 Pipe and Fittings Costs 
Straight 90 Deg. Tee Reducer 45 Deg. Valves 
Pipe Elbow Red. Conco Elbow 
$/ft $ ea. $ ea. -« $ ea. $ ea. $ ea. 
eee Bisie 3210 ogee aia 9.60 
aS, LD 4ol4 1.654 o/9 Lea 
054 oe Diced 54 oa 13.00 
046 lee feed Lofa Loa 16.80 
oye 25 oe 10.49 1.694 en 26.60 
o 90 pe” 13567 2a 3 2! aT oe 
094 ary IS a Jouve 4.38 52.00 
099 Bele: l8av7 Seebe 4.48 76.00 
1.14 V2 14 42.46 eres) 9292 12320 
ow) V2 ne A2ZGA6 6.25 992 M2 oe 
3090 290 94 05 02m Jon) iisinole 214.20 
tow 49.84 21. 6 O4 14.85 oe eee = 


Cost for straight pipe runs 


Estimate the pipe cost per i000 ft cf pipe run including 
all fitting and pipe costs for expansion loops. Consider 
l1 to 6 in. pipe is anchored each 200 ft aad 8 to 10 in. 


pipe is anchored each 250 ft. 


10 ine pipe 1000 tae $5059 Pao p50. 00 
4-10 in. ells/exp. loop (4 expo 

loops) @ $49.84 797.00 
10 in. pipe 60 ft/exp. loop (4 expo 

loops) @ $5.55 1533530209 
Total pipe cost for 1000 ft run $7,680.00 


Fitting costs including tees, caps, reducers, flanges. 
crosses, valves, air bottles, saddies, sleeves, @tto, 
are estimated separately and are added tou tne total 


pipe costs figured for each pipe size’s Jamgth of rur. 





18 
B. Cost for trenching and back filling 
The average trench excavation is 3 ft deep times 
2 ft-6 in. wide. Both the steam and HTW alterna=- 


tives will require 23,900 ft of trenching. 


Volume = (3 ft)(2.5 £t)(23,900 ft)/(27 cu-ft/cn-yd) 
= 6,640 cueyd 
Cost = (6,640 cu-yd) ($3.06/cu-yd) 


$20,000 


CC. Cost for anchors 
Both the steam and HTW alternatives will require 
approximately 70 pipe anchors between expansion 
loops in the distribution system 
Cost = (70 anchors) ($60.00/anchor) 
$4, 200 
D. Cost for welding pipe 


ij 


Welding costs presented in Table 38 are figured on a 
per joint basis according to the size of the pipe. 


Table 38 Cost for Welding Pipe 


Pipe Welding Cost 
oize 
wo Joints/day $/joint 
1 to 15 8 iW 
ZO 5 t ra 
32 00 4 6 16 
2} 9 20 
6 4 25 
8 4 bie 
LO 2 50 


Nominal 


Pipe 
Size 
Hilo 
1 
Lé 


lg 
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Ko Cost for pipe insulation 


Table 39 Quantity of Insulation for Buried Pipes 


Outside Outside Insulation Net 
Diameter Diameter section Insulation 
Area Area Area 

io. SQoiNno Ssq-in. _ _ sqefto 
oR 1.6558 60.8 of41i2 
1600 2160 66.3 0445 
1.900 26005 1069 e468 
20575 4.4350 1805 015 
20875 6.494 8707 0564 
oe 00 9.618 oie 0850 
4.000 1G ont 144 o9iL3 
4.500 eer e.e 156 oi 
50563 24031 245 1.53 
225 34.48 293 1.80 
8.625 Hao 404 2040 

16/50 90.8 660 eh tee) 


Insulation cost delivered = $125.00/Ton 
40 1b/cu-f% 
€2.50/eusr + 


it 


Density of insulation 


i 


Cost of insulation 


Insulation quantities are calculated for single pipe 
runs. Actually pipes are run in pairs am trenches, 
the net insulation saving for the pair of pipes over 
two separate single pipes 18 approximately 20 percent 
by volume. This method is valid for estimating pur-= 
poses since most of the 20 percent will be required 
for additional insulation thicknesses required for 
expansion loops and road crossings. Also it is most 
probable that the formed trench sizes will be slightly 
larger than prescribed. The final estimate will be 


sufficiently accurate for purposes of ccest estimate, 
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iis Calculation of Fixed Costs for the Steam System Alternative 


A. Central heating plant fixed costs for the steam alternative 


Table 40 Summary of Fixed Central Heating Plant Costs 
for the Steam Alternative 


Ttem 
Puel pump with controls 
Materials and installation 


Standby electric heaters 


25% overhead and profit 

Fuel handling equipment installed 
Storage tanks and piping installed 
Cost of boilers 


Cost of boiler installation 


25% overhead and profit 
Cost of boilers installed 
Cost of controls installed 
Feed water pumps 

Feed water heater 

Water treatment equipment 
Pipe and fittings 


Installation costs 
25% overhead and profit 
Cost of plant building 


4,500 sq-ft @ $35.00/sq-ft 


Piant investment costs 


Cost 

$ 3,000 
1,250 
22000 

$ 6,250 
15990 


$ 7,800 


$129,000 
22000 
$131,000 


325 {50 
$163,750 


150 


5,000 


4,900 


___ 4,000 


$ 16,250 


ae) bo 


$ 20,300 


Sub-totals 
$ 7 5800 
$ 20,000 
Se 163, 750 
$ 15,000 
$ 20,300 


$ 584,350 
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Bo Steam distribution system costs 


lo Cost summary for the steam altern&ive distribution 


system 
Table 41 Summary of Distribution System Costs 
for the Steam Alternative 
Pipe Pipe and Pipe Welding Insulation Subs 
Size Fittings Installation Pipe Material Totals 
_ing : — = $ --i_. 
1 1,692 1,692 5,680 pe, 
1g 584 584 1,705 15410 
Ike 2,089 2,089 5,120 5, 160 
2 75156 759156 15480 13,150 
22 2,547 25547 3 850 4,610 
5 191719 1s 119 8,130 135580 
34 686 686 896 620 
4 19430 79430 19150 135570 
2 5 9630 5 9630 33695 11,400 
6 99540 99 540 85 350 19,050 
8 Sa less, 6,560 See 7,140 
LO AAS S188) 265370 12,100 53,600 
$77,863 $77 5863 $75 5356 $128,830 93595912 
Cost for anchors 4,200 
Cost of trenching and backfilling 20,000 
Cost for manhole and equipment* 4,200 
Cost for placing insulation 25,000 _ 
Sub-total 4AM 5 512 
25 percent profit and overhead i05,015 
Steam distribution system cost $515,390 


* The manhole contains the condensate receiver and pump for the long 
supply main section AB for group II buildings. 
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20 Pipe fittings summary for the steam alternative 


distribution system 


Table 42 Estimate of Fittings for Each Size Pipe 
for the Steam Alternative 


Pipe Elbow Tees Elbow Reducer Fitting Misc. Valves Valve 





Size 90 Deg. 45 Deg. Conc.» Cost Fitting Cost 
Cost 

eee ee $ 
1 64 5 64 ~ 110 40 21 202 
14 27 a 18 2 43 7 10 114 
lg 36 5 44 15 133 17 13 169 
2 124 12 130 17 467 oy AO 672 
24 4 6 6 22 128 22 4 107 
3 6 18 66 22 503 AT 4 149 
35 6 6 8 5 198 2 3 156 
4 3 10 20 14 D5 i 19 = ~ 
3 = 4 = 5 276 24 2 260 
6 1 12 = 12 598 2 i 130 
8 u 4 ~ 5 344 6 ~ ~ 
10 1 3) i i 223 27 = 
5* = x a 1 6 4 2 260 
o* = = = 2 4 6 4 44 


* This pipe is the section provided for manually looping group II 
buildings and is normally secured. 





Table 43 Total Cost of Piping and Fittings 


Pipe Pipe 
5ize Cost 
_ine $/ft run 
1 52s 
1; 033 
1s E10 
2 054 
2s ay (0 
5 Hees al 
33 22 
4 lear 
5 (Ugieal 
6 2.04 
8 Se 
10 7.68 
5* ol 
2 054 
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Pipe and fittings cost for the steam alternative 


distribution system 


for the Steam Alternative 


Pipe 


Length 
feat: 


59370 
Iee64 


45425 


10, 203 


39213 
6youe 

270 
99914 
2,180 


4,225 
1,190 


5 9400 
800 


800 


Pi pe 
Coat 


2 


15340 
420 


Fitting Valve 
Cost Cost 
An Sa 
150 202 
50 112 
150 169 
500 672 
156 hoy 
920 149 
200 ESG 
350 - 
400 260 
600 130 
350 “ 
250 
LO 269 
10 54 
Total Cost 


15692 

584 
2,089 
6,682 
2,947 
iol (9 

686 
7,430 


4,070 
953540 
6,560 


25 10 


15560 


474 





$ 77,863 


Total Cost 
Pipe and Fittings 
$ 





The estimate of the fitting costs for each size of pipe in 


cludes only those fittings located on the distribution system 


external of either the central heating plant or individual 


building utility rooms excepting the 90 degree elbows used 


in the expansion Loops. 


The total expansion loop cosf la 


figured into the ($/ft run) pipe cost. 


* This pipe is the section provided for manually looping group IT 
buildings and is normally secured, 
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4. Welding costs for the steam alternative distri- 


bution system 


Table 44 Cost of Welding Pipe for the Steam Alternative 





Pipe Pipe Cost Welding 
Size Joints Cost 
Pan ae $/ Joint = 
1 473 1 5 680 
14 142 12 1,705 
1S 427 12 5,120 
2 1,105 14 15,480 
23 21 14 3,850 
3 581 14 8,130 
33 56 16 896 
447 16 75150 
5 185 20 35695 
6 250 25 8550 
8 92 ob 5 eee 
10 242 50 a. LOGS 


Total Cost $75,356 
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50 Pipe insulation costs for the steam alternative 


distribution system 


Table 45 Cost of Pipe Insulation for the Steam Alternative 


Pipe Pipe Insulation Insulation InsulaGuen 
5ize Length section Area Volume Cost 
stag ioe sq-ft cu-ft $ 
1 29310 412 an) prise 
4+ 1,264 0445 562 ae 
2 45425 0468 2,070 5180 
2 ably oles 0515 5 260 13,150 
2 35273 0564 1,840 A,610 
3 6,382 0850 53430 135580 
35 276 2913 247 620 
4 59574 BHI 59420 Log oe 
5 2,980 ib ys 4,550 11,400 
6 A, 225 1.80 7,600 19,050 
8 1,190 2.40 2,860 Teg) 
10 3 5 400 3095 135450 33,600 

Total Cost $128,830 


C. Building utility room costs for the steam alternative 


distribution system 


Table 46 Summary of Utility Room Costs for the Steam Alternative 


Control valves $ 2,000 
Heat exchangers 29000 
Condensate pump 500 
Other materials 1,000 
Installation 2,000 
$ 7,500 per room 
Ss 44 rooms 
$ 330,000 
4 process steam stations ____3 2000 
$ 333,000 


Overhead and profit 


83,250 


Total Cost. $ 416,256 
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ain Calculation of Fixed Costs for the HTW System Alternative 


A. Central heating plant fixed costs for the HTW alternative 


Table 47 Summary of Fixed Central Heating Plant Costs 
for the HTW Alternative 


Item 
Fuel pump with controls 
Materials and installation 


Stand by electric heaters 


25% overhead and profit 

Fuel handling equipment installed 
Storage tanks and piping installed 
Cost of boilers 


Gost Of boiler installation 


25% overhead and profit 

Cost of boilers installed 

Cost of controls installed 
Circulation pumps 

Water treatment equipment 

Pipe and fittings 

Nitrogen pressurization system 


Installation costs 
25% overhead and profit 
Cost of plant building 


3,600 sq-ft @ $35.00/sq-ft 


Piant investment costs 


Cost 
$ 3,000 
1,250 
2,000 
$ 6,250 
1,550 


$ 7800 


$156,000 
2,000 
$158,000 
39.500 


$197,500 


$ 6,000 
800 
2.000 
5.000 
___ 42900 


$ 17,800 


Sub-totals 
2 7,800 
20,000 
$ 197,500 
15,000 
$ 22.250 


$ 126,900 


$ 388,550 
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Bo HTW distribution system costs 
Le Cost summary for the HTW alternative distribution 


system 


Table 48 Summary of Distribution System Costs 
for the HTW Alternative 


Pipe Pipe and Pipe Welding Insulation Sub= 
size Fittings Installation Pipe Material Totals 
in. es $ $ $ $ 
u 1,640 1,640 5 , 860 Dig 2 0 
1+ 2.085 2,085 5,680 Si 1 10 
14 1,230 1, 230 2,870 2,930 
e 25763 2,763 5 650 5 160 
25 35909 3 5909 5 9830 6,940 
3 2,319 2,513 25590 59440 
3 1,470 1,470 1,310 2,560 
A 15798 Tete 6 , 400 1200 
5, 15,000 15,000 14,100 256530 
6 22,500 pala gS) OS, 19,690 _48, 700 . 
$60,714 $60,714 $68,680 38275510 $717,616 
Cost for anchors 4,200 
Cost of trenching and backfilling 20,000 
Cost for 3 manholes* 6,600 
Cost for placing insulation 25,000 
Sub Total $372.818 
25 percent profit and overhead _ Jo ee 
HTW distribution system cost $466,923 


* The manholes are provided to facilitate draining the HTW 
distribution system. 


Pipe Elbow Tees Elbow Reducer Fitting 
Cost 
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2>o Pipe fittings summary for the HTW alternative 


distribution system 


Table 49 Estimate of Fittings for Each Size Pipe 


for the HTW Alternative 





Size 90 Deg. 45 Dego Conc. 

_ine —_ a 
1 82 © 26 2 
14 56 6 20 4 
1g Be 4 14 2 
é 94 4 18 18 
a4 36 2 v2 6 
3 = 22 A 1 
3B - 3 ° - 
4 2 14 = i 
5 2 18 4 2 
6 6 9 2 4 
4x - - ~ 2 

x 


as WES 


90 


Misco 
Fitting 


Cost 


$ 


10 
45 
22 


54 


Valves 


Valve 
Cost 


304 


This pipe is the section provided for manually lcoping group IT 


buildings and is normally secured. 
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3. Pipe and fittings cost for the HTW alternative 


distribution system 





Table 50 Total Cost of Piping and Fittings 
for the HTW Alternative 
Pipe Pipe Pipe Pipe Fitting Valve Total @os% 
size Cost Length Cost Cost Cost Pipe and Fittings 
mee «6 n/t run ft ap $ $ 
i se) 5,094 1,290 100 250 lego 
14 55 5,180 e730 150 205 2,085 
1S » 40 2,500 1,000 100 ee 1,230 
2 054 4,010 25160 200 403 2a oe 
23 270 4,920 3,440 150 319 3909 
3 eee: 1,640 B20 550 149 253519 
34 eZ2 20 1,370 100 E 1,470 
4 aes 3,820 4,850 300 304 29494 
5 1.61 8,790 14,150 850 = 15,0¢0 
6 pyaray.t 10, 820me 22-050 450 - 22,500 
4* ae Les 010, 2,030 10 404 2,344 
Total Cost $ 60,714 


The estimate of the fitting costs for each size of pipe 
includes only those fittings located on the distributien 
system external of either the central heating plant or 
individual building utility rooms excepting the 90 degree 
The total expansion 


elbows used in the expansion loops. 


loop cost is figured into the ($/ft run) pipe cos*. 


* This pipe is the section provided for manually looping grep II 
buildings and is normally secured. 
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4. Welding costs for the HTW alternative distri- 


bution system 





Table 51 Cost of Welding Pipe for the HTW Alternative 

Pipe Pipe Cost Welding 

size Joints Cost 
1 488 2 5 860 
ie 473 12 5, 680 
1S 239 12 2,870 
2 404 det 5 5650 
2s 416 14 5,830 
3 171 14 25390 
3g B2 16 1510 
4 394 16 6,390 
5 654 20 13,100 
6 787 25 19,690 


Total Cost $68,680 
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5e Pipe insulation costs for the HTW alternative 


distribution system 


Table 52 Cost of Pipe Insulation for the HTW Alternative 


Pipe Pipe Insulation Insulation Insulation 
Size Length section Area Volume Cost 
Tile cae Scena Guat t $ 
al 5,094 6412 2,098 59250 
ee 5,180 oA Ap 25305 55770 
ls 2 500 o468 ede 2,930 
2 4,010 0515 2,062 SNS, 
25 4,920 0564 PES 6,940 
3 1,620 2850 aL eres) 35440 
34 i120 0913 022 2,560 

99420 0973 Dg 280 13,200 
8,790 dow 135440 33 9580 
10,820 100 19,500 48,700 

Total Cost 275510 


C. Building utility room costs for the HTW alternative 


distribution system 





Table 55 Summary of Utility Room Costs fcr the Steam Alternative 
Control valves $ L500 
Heat exchangers 2,000 
Other materials 800 
Installation 2,000 
$ 6,300 per room 
44 rooms 
$ 277,200 
2 process steam stations 4,000 
$ 281,200 
Overhead and profit 10,300 


Total Cost % 3514500 
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Calculation of Operating Costs for the Steam System Alternative 


Ao 


Do 


Ko 


Calculation of fuel costs for the steam alternative 
Efficiency = 81% 
Fuel is #6 fuel-oil, 152,000 Btu/gal 
$/yr = (162,817,000,000 Btn/yr) ($.075/gal)/ 
(152,000 Btu/gal)(.81) 
$99,150 per year fuel cost 


Ht 


Hl 


Calculation of water costs for the steam alternative 

Make up rate = 4,813 lb/hr 

Water cost = $.20 per 1000 gal 

$/yr = (4,813 1bd/br) (8,760 hr/yr)($.20/1000 gal)/ 

(8. 5ou1b/ ean) 
= $1,014% per year water cost 

Calculation of operating labor costs for the steam aiterna- 
tive 


$/yr 


(10 men) ($6,000/yr) 
$60,000 per year operating labor cost, 


i} 


Calculation of plant maintenance labor costs for the 
steam alternative 

$/yr = (2 men) ($6,000/yr) 

= $12,000 per year plant maintenance labor cost 

Calculation of supervision and clerical costs for the 
steam alternative 

One supervisor at $10,000/yr 

Part time clerk at 2,000/vr 

Cost $12,000/yxr 

Calculation of operating material costs for the steam 
alternative 

Estimated to be $3,000/yr 
Calculation of system maintenance labor costs for the 
steam alternative 

$/yr = (4 men) ($6,000/yr) 


= $24,000 per year system maintenance iabor cost 


ay 
Ho Calculation of plant maintenance material costs for the 
steam alternative 
Estimated to be 10% of labor costs 
$/yr = (010)($12,000) 
= $1,200 per year plant maintenance material cost 
Io Calculation of system maintenance material costs for the 
steam alternative 
Estimated to be 10% of labor costs 
$/yr = (010)($24,000) 


$2,400 per year system maintenance material cost 


i 


of 


Jo Calculation of electrical power costs for the steam 
alternative 
1. Plant motors 
$/yr = (65HP)(.40)(.7457KW/HP) ($.01/KWhr) 
(8,760 hr/yr) 
=$1,700/yr 
20 Condensate pump motors 
$/yr = (37 HP)(.20)(.7457KW/HP) ($.01/KWhr) 
(8,760 hr/yr) 
= $483/yxr 
4. Miscellaneous heating 
$/yr = (5 KW)($.01/KWhr) (8,760 hr/yr) 
= $437/yr 
4. Total electric power cost = $2,620/yr 
Vo Calculation of Operating Costs for the HTW System Alternative 
Ao Calculation of fuel costs for the HTW alternative 
Efficiency = 82% 
Fuel is #6 fuel cd, 1529800 Btu/gal 
$/yr = (139,397,000,000 Btu/yr) ($.075/gal)/(152,000 
Btu/gal)(.82) 
= $83,900 per year fuel cost 
Bo Calculation of water costs for tne HTW alternative 
Make up rate estimated to be 10 gai/hr 
Water cost = $.20 per 1000 gal 
$¢/yr = (10 gal/hr)(8,760 hr/yr) €%.20/1000 gal) 


= $18 per year water cost 





Do 


Fo 


Jo 
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Calculation of operating labor costs for the HTW alternative 
$/yr = (10 men) ($6,000/yr) 
= $60,000 per year operating labor cost 
Calculation of plant maintenance labor costs for the 
HTW alternative 
$/yr = (2 men) ($6000/yr) 


$12,000 per year plant maintenance labor cost 


fi 


Calculation of supervision and clerical costs for the 
HTW alternative 

One supervisor at $10,000/yr 

Part time clerk at 2,000/yvr 

Cost $12,000/yr 

Calculation of operating material costs for the HTW 
alternative 

Estimated to be $2,000/yr 
Calculation of system maintenance labor costs for the 
HTW alternative 

$/yr = (2 men) ($6,000/yr) 


$12,000 per year system maintenance labor cost 


il 


ti 


Calculation of plant maintenance material costs for the 
HTW alternative 
Estimated to be 10% of labor costs 
$/yr = (.10)($12,000) 
= $1,200 per year plant maintenance material costs 
Calculation of system maintenance materia’ costs for the 
HTW alternative 
Estimated to be 10% of labor costs 
$/yr = (.10) ($12,000) 
= $1,200 per year system maintenance material costs 
Calculation of electrical power costs for the HTW alternative 
le Plant motors 
$/yr = (160 HP)(.46)(.7457 KW/HP) ($.01/KWhr ) 
(8,760hr/yr} 
= $4,803/yr 





Vio 


LT) 
2o Miscellaneous heating 
$/yr = (5 Kw)($.01/Kwhr) (8,760 hr/yr) 
= $437/yr 
3e Total electric power cost = $5,240/yr 


Calculation of Operating Costs for the Laundry Boiler 
Boiler horsepower « o o «© « 4 4 6 o aim 0 30 
Romie Dressurm « o « ©) 6 400) cmCmncmnCEn EONS 100 psig 
Sige « © Llt=2", 60", ~5*.10" Shao 
Heabed capacity from (212 Bf, « 2 66 6 6 oe fo comme steam/hr 
Btu output (1000 Btu/hr) « » « oo o » » «© 1yO75 MGM on 
Mies team groSS . o © © 0 © © © a 0 6 » 6 6 Opgro 
Fuel consumption at rated capacity 
erst O11. »« «+ « o © ule VemaneeneenEEe L5 GiPH 
Gas 1000 Btuenatural . o o o 0 0 © © o 2, 0M Geet 
Power requirements 
Blower MOOT « o © 0 © © co ‘ounoueCmmom~amEED 4 HP 
Efficiency overall from 30% to 100% of rating $82 percent 
Design heat load = 1,594,000 Btu/hr for the laundry steam 
Annual usage = 3,320,000,000 Btu/yr 
39 320,000,000($.075 





Fuel cost = 152,000 (o82" = $ 2,000 
Leaks, losses and misc. uses 200 
Operator’s wages 5 JOO 
Electricity, water and supplies 600 
Maintenance labor and material 200 

Total cost $ 8,000 per year 


Purchase and Installation cost complete with contro!s, con 


densate pump and fuel storage and handling facilities. $190,400 























